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EXCALIBUR ! | 


{i= modern “sword of might” is welded with ARCOS 
CHROMANG —THE ELECTRODE for wélding 


air hardenable steels. You can be sure, if it’s Arcos. 





-———— EXCALIBUR 


The legendary 


sword of invincibility 


used by King Arthur 








BUFFALO, N. Y. 
BORGER, TEXAS . 


BOSTON, MASS. (Belmont) 


CHICAGO, iLL. 
CINCINNATI, OHIO 
CLEVELAND, OHIO 
COLUMBUS, OHIO 
DETROIT, MICHIGAN 
ERIE, PENNA. 
FRESNO, CALIF 

FT. WAYNE, IND. . 
HONOLULU, HAWAII 
HOUSTON, TEXAS 
KANSAS CITY, MO. . 


-——— CHROMANG ———— 


A modified 18/8 electrode 
No crater cracks 


No junction cracks 











4 
Hacos CORPORATION 
401 WN. Broad St., Phila. Pa, 


“QUALITY WELD METAL EASILY DEPOSITED” 


Distributors Warehouse Stocks in the Following Cities: 


. e 4 Root, Neal & Co. 
Hart Industrial Supply Co. 


. H. Boker & Co., Inc.: W. E. Fluke 


Machinery & Welder Corp. 
Williams & Co., Inc. 

Williams & Co., Inc. 

Williams & Co., Inc. 

C. E. Phillips & Co., Inc. 

Boyd Welding Co. 

ha Victor Equipment Co. 
Wayne Welding Supply Co. .Inc. 
Hawaiian Cas Products, Ltd. 
Champion Rivet Co. of Texas 
Weiders Supply & Repair Co. 


KINGSPORT, TENN 

LOS ANGELES, CALIF 
MILWAUKEE, WIS. 
MOLINE, ILL. . 
NEW YORK, N.Y oe 
OKLAHOMA CITY, OKLA 
PAMPA, TEXAS 
PITTSBURGH, PA. . 
PORTLAND, OREGON 
ROCHESTER, N. Y. ; 
SAN FRANCISCO, CALIF 
SEATTLE, WASH. 

ST. LOUIS, MO. 
SYRACUSE, N.Y. . 





Slip- Not Belting Corp. 

. « Fictor Equipment tao. 
Machinery & Welder Corp. 
Machinery & Welder Corp. 
. H. Boker & Co., Inc. 
Hart Industrial Supply Co. 
Hart Industrial Supply Co. 
. Williams & Co.. Ince. 

. Industrial Specialties Co. 
Welding Supply Co. 

Victor Equipment Co. 

. « « MH. A. Cheever Co. 
Machinery & Welder Corp 
Welding Supply Co. 














VOLUME 21 . 


The Journal of 





The American Welding Society 


NUMBER 8 . 


AUGUST, 


1942 








M 


Fig. 1 





Fig. 2 


ge Moore Iron Works, Edge Moor, Delaware 


Metallic Arc Welding of Copper 
Pressure Vessels 


By G. H. Sandberg” 


ETALLIC are welding of copper alloy is being 
applied successfully in the fabrication of pres 
sure vessels to meet code requirements at the 
where 





The Head Piece Is Machine Beveled for Welding 


Before the Shell Is Formed, to Insure Accurate Fit-Up 





Boring Mill Setup for Trimming Dished Heads Ac 
rately to Size 





A re A 


Fig. 3—Precision Fit Ups of Shell Plates 
Through the Use of This 30-Ft. Edge Planer, Whi 
with Pneumatic Hold-Downs and Which Plans 
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Fig. 6—Three Bars of 3 x 5-In. Copper Are Joined and Rolled 
to Form a Flange Ring. Metallic Arc-Welded Joints Were 
Nearly as Strong as the Parent Metal 











Fig. 4—-Crimping Press with Dies for Preliminary Bending of 


then filled from the outside. The welding rod us 
Shell Plate Edges Before Rolling 


the pressure parts is a coated rod with low phosphor 
content, a type selected after considerable experiment 
The shell plates are ordered oversize, with ‘/,-1n. tion. The weld root is then chipped out thoroughly 
allowance on each side for machining. These are laid the weld finished on the inside Che shell rings are th 
aside until the dished head pieces have been formed and fitted against the heads, and if procedure has been corr 
machine beveled on a boring mill. The circumferences the perimeters of the abutting edges should be identi: 
of the head pieces are then measured accurately to deter- size and shape. Any slight deviations in curvatur 
mine the exact size to which the shell plates must be corrected on the rolls before tacking on the head pix 
rolled. This procedure is the first guarantee against The circumferential seams are also of the single V 
offset joints, since it often happens that the heads will joint. . 

differ slightly in diameter, or will be near the limits of Since the design of this tank included several mass! 
specification dimension tolerances. In this way the flange rings, these were fabricated by joining thr 
shell diameter is adjusted for a perfect fit, and may even _ lengths of 3 x 5-in. rolled copper bars. 












The three sect! 










be tapered slightly since such taper is much less objec- were joined with double V welds which were chipped 
tionable than a poorly fitted joint. ground flush, and the full length bar was then rolled t 
Che shell plate is then laid out and planed for a 35 correct diameter. The closing weld, like the other 


bevel. Before rolling to shape, a hydraulic crimping joints, was made with a bare electrode having high ph 
press is used to form the metal adjacent to both edges phorous content, the base metal having been preheat 
for the longitudinal weld. This shapes the end zones in this case to approximately 600° F. Destructive tests 
which would be left out-of-round by the cylinder rolls. of these heavy welds showed a tensile strength of 39,000 
A slight allowance is made in the forming dies on this psi. Maximum tensile strength of the base metal was 









press, to leave the finally formed plate a trifle out-of- 45,000 psi. 
round so that the contraction of the weld area will draw The elaborate care which goes into the preparatiot 
the cylinder into a perfect cylindrical shape. and deposition of these welds is more than justified by 





The plate sections are then rolled to shape and tack the results obtained. X-ray examinationffrevealed that 
welded along the inside of the longitudinal seam. With 
the base metal preheated to 200° F. the single V joint is 
























Fig. 7—-Operator Is Making the Closing Weld in the Flange 
Fig. 5—Shell Plate Gets Final Forming Operation in These Ring. In the Background Are the Bronze Shell and Steel 
29-Ft. Long Rolls Shell for the Outer Jacket 
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ts in the pressure parts were virtually free from 
ects to 
tive tests showed a tensile strength of over 47,000 
ich was greater than that of the base metal. The 
specialized technique used in the fabrication of 
opper alloy vessels is the result of careful experi 

When the preheat temperature was too high, 
the electrode was deposited at too high a tem 


whatsoever. Similar jomts subjected 


nerature, excessive gas and porosity showed up in the 
X Likewise, transverse cracks were sometimes en 
eountered in the joint between shell and flange bar 















Wa ( t L1SI 


ly 


However, when the correct procedur 
and set up on a production | 


results with 98 to 100°, perfect welds were obtaim: 


uniiorn 


MaS1S 


The development of these procedurt i fit-up and 
metallic arc welding of copper alloy, as well inles 
steel and other commercial alloys, permits the use o 


minimum plate thicknesses with complete ass 





Stud-Welding System 


By A. M. 


General 


HE apparatus and devices described herein ar¢ 
based on a method of end-welding studs, screws, 
bolts or any elongated piece of metal to a metal 

wherein the are is induced bv arc-initiating 
material which simultaneously furnishes additional bond 
ing metal and acts as a scavenger of oxygen, thus insuring 
1 homogeneous dense fusion weld of the stud or screw to 
the metal surface. There is also covered herein a method 

deck-construction which utilizes this system of end 
welding Che method of end-welding, however, is not 
limited in its application to wood deck-construction, but 
has numerous applications where an elongated piece of 
metal is to be end-welded to a metal surface 

Che development of the wood deck-construction was 
initiated by Captain John D. Crecca, U.S.N., at the New 
York Navy Yard, in collaboration with S. S. Scott, 
welding engineer, in 1930, and led to the development of 
the device and method of end-welding, which made it 
possible to utilize the method of construction. The 
method of construction and the method of end-welding, 
as well as the devices therefor, were sufficiently devel 
oped, though in a crude form, to make the initial appli 
cation in the laying of the wood deck planking on 10,000 
on cruiser, U.S.S. New Orleans 

lhe early form of the end-welder utilized power (air) 
means to project the stud into the are crater on the 
instant of striking the arc. This device was cumbersome, 
lacking mobility and flexibility, which led to the develop 
ment of a portable hand gun. The portable hand gun 
found varied application in addition to the use in laying 
wood decking Che early form of the portable hand gun, 
while embodying automatic features in projecting the 
stud into the arc crater on the initiation of the arc, re 
quired a preliminary period of training of the welder to 
insure satisfactory results. To eliminate all ‘‘personal 
element”’ in the method of end-welding, a fully auto 
matic equipment was developed, which embodied a tim 
ing device actuated by the welding current, and an 
automatic switching device in the gun mechanism so 
that once the operator has positioned the gun with stud 
in Operating position, his only action is to press a thumb 
switch in the gun handle. The timing of the duration of 
the are, projecting the stud into the crater and disrupting 
the welding current are all done entirely automatically 

Che method of end-welding, as well as the type of deck 
construction, has been used on a large number of U. S 


suriace 1S ~~ 


; 
| 


onsulting Eng Division of 


as Lo 


ineer, Hollup Corporation National Cylinder 


adequate strength and uniform stress distribut For 
the construction of non-corrosive pressure vessels for the 
chemical industries, tanks and heat exchangers to meet 
rigid code requirements, such periect fabrication 1s 
essential 

Candy* 

naval vessels since 1932, and also on a number of met 


chant vessels built by the Maritime Commussion 
Wood deck planking to be layed by this 


method must 


have proper diameter holes located along the plank 
lengths, said holes being located where studs are re 
quired 

Studs welded by this method, when tested, will break 
through the body of the stud and not 1n the weld 

Che advantages of this machine for end-welding studs 


screws, etc., are as follows 


Ruggedness and simplicity 
2 Utilizes arc-welding . 
4. Combines arc-welding with impact 
t. Wholly automatic, eliminating 
of operator or training of operator 


per nal element 
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Fig. 1—-Shows Scheme of Circuits for Gun and Control Cal 
net. Also Shows Circuits to Welding Generator IIlustrated | 


Fig. 6 










































Che arc-initiating material insures a homogeneous 


P “J 
dense weld free from air holes and sufficient ° 
metal to provide a fillet around the base of stud : 

Wood Deck-Construction 

Che procedure in laying deck-planking of this con 

struction is as follows: The planks are counterbored with 
any spacing of holes. This is the first advantage over 













the old method employing the bolts of a special type Fig. 3(Left)—Polished and Etched Sections Through 
since the studs can be end-welded anvwhere on the deck Diameter Studs Welded to Plates Left-hand Stud Was Wel 
plating without fear of interferences by obstructions, Resinaneny Wile uate uae Stud Was Weld 
uch as wiring, ventilation ducts, etc., underneath. The Fig. 4(Right)—-Polished and Etched Section Through 
planks are then laid down in the usual manner, the Diameter Stud Welded to */3:-Inch Bar °/;-Inch Wide. Tin 
strakes of planking being laid completely across the deck, About '/, Second and Current About 600 Amperes 

if desired. A shipfitter or shipwright goes ahead of the cane 


welder with a drill with which he scratches the deck 
sufficiently to remove paint or oil to insure clear metallic arc welding, therefore, retaining greater strength 
contact. The welding operations are then performed as planking lhe stud fits snug in the lower hole 
described above. The shipwright follows the welder wood without the necessity for any excess space bety 
and places the grommet, washer and special retaining the stud and the wood to protect the wood from th 
nut on the stud. A forked T-wrench is used to set up a Of the arc in view of the use of the insulating fer 
special nut on the stud. A wood plug, previously dipped bushing. 
in white lead, is pressed into the upper portion of the hole. 2. ‘Phe insulating ferrule not only saves th 
from the intense heat of the arc, but, also due to a: 
ward flange at the top,prevents spattering of droplet 
molten metal from covering the threads of the stud 

3. The shoulder in the counterbored hole can be 
wide enough to give good bearing with shearing stret 
of the wood commensurate with the strength of the 

1. It eliminates the costly operation of drilling 
through the metal deck plating and structure wu 
neath. This is a tremendous saving over the thr 
bolt method 

5. Permits laying wood decking any time aft 





















steel deck is laid, since there is no necessity to wait 
run of wiring, ventilation ducts, interior struct 
fittings and other attachments under the deck, thu 
pediting construction. 

Insures complete watertightness of the decl 






























he form of special nut permits a deeper w 
plug in the upper hole and, therefore, more replanins 
the deck planking can be done before the deck pl il 
is reduced below a usable thickness his results 
large saving in the life of the vessel] 

8. The stud is simpler and more economical tha 
special form of carriage bolt used in the throug! 
struction. 


The foregoing advantages are attested by the nun 
of applications of this method with excellent result 






Fig. 2—Shows Gun with Cover Over Mechanism Removed 
Also Two Extra Adapters, One with Collet and Stud Inserted 
A Spare Collet and One with Stud Inserted. Also an Arc Initi 
ating Material Measuring Spoon. Gun Is Cocked Ready for 
Setting Arc Gap 










Production of end-welded studs with this gun is as 
high as 1200 per 8-hour day for */,-in. studs. The 
length of studs used is obviously related to the thickness 
of deck planking used. 

The distinct advantages of this method of laying wood 
decking and this type of construction are the following: Fig. 5—Shows Two Views of Special Nuts, Also Metal Washer 
and Cotton Grommet. Hemp Is Also Used for Grommets 


Also Lava Rock Ferrules Are Shown Together with a Correct 
Amount of Arc Inducing Material 






|. It permits the drilling of a smaller hole in the wood 
for a given size stud than any other method utilizing 
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Fig. 6 


General View of Operator with Complete Stud Welding 
Equipment 


Apparatus 


The welding gun is supplied with three adapters of 
lifferent lengths, three collets and one arc-inducing 
material dispensing spoon. The gun control circuits are 
ompletely wired with leads brought out in a three 
onductor rubber-covered cable, through a cable grip to 

three-pole connector plug. The gun is also equipped 
with a terminal for connection to a source of welding 
urrent. 

The control cabinet panel mounts a main contactor 
yperated by the auxiliary contactor, and one current relay 
and one timing relay. See Fig. 1. 

The gun mounts a solenoid, a latch mechanism and an 
interlock switch operated by the tail piece of the latch 
arm 

The electrical circuits of the system are show1 
matically by Fig. 1. 


sche- 


Operation 


Briefly the operations are as follows. A stud is 
serted in the collet. The stud is located in a plank hole 
with the tripod feet placed firmly on the plank. By 
means of the two knurled knobs and the small lever in 
shaft through the upper knob (see Fig. 2) the end of the 





Fig. 7—View of Stud 


Entering Hole in Planking 


Fig. 8—Operator Dropping Fig. 

Lava Rock Ferrule in Hole in 

Planking Prior to Pouring in 

the Charge of Arc Initiating 
Material 


9—Operator 
Metered Amount of Arc Initia- 


ing Material 
Lava Rock Ferrule Located in 
Bottom of Hole in Wood Deck 


STUD-WELDING SYSTEM 












stud is easily set for the correct arc gap betwee1 

the deck plating his adjustment need not be di 
turbed for subsequent studs of same length providu 
the planking is of uniform thickness and ts untforn 
contact with the deck plating [he gun is then removed 
and a lava ferrule is properly placed in the bottor f the 
plank hole A metered amount oi arce-1 
is located in the bottom of the ferrul 

Phe gun is then placed in position with trip 

flooring and the stud located in the hole with the stud e1 


touching the arc-inducing material The trigger switcl 
on under side of gun handle is then depressed Phi 
closes the main contactor, thereby establishing the weld 
ing circuit so that welding current flows through the 
current relay and through the stud and arc-inducin 
material The latter immediately flashes and produces 
an aré \fter a certain preset time interval (about 

second) the timing relay (energized by the current rela’ 


1 


contacts) closes 1ts contacts which energize the solenoid 





’ 
ll s a oa eg) e 
am) C la e) 
Fig. 11—Shows Assembly of Units Including Wood Plug 
Upper End of Hole in Plank 
N ecking Axis A 


under the gun handk The solenoid plunger sten 
strikes the tail piece of the latch mechanism which 
releases the internal spring actuated shaft thus umpelling 





Pouring a Fig. 10—Operator Dropping Assembly of 
Special Nut, Grommet and Washer Dow: 
Over End of Stud Prior to Setting Nut wit 

Spe 


Down Into the 


Spanner Wrer 


ing 


















































































































































Fig. 12 


Cut-Away Views of Gun Mechanism and Parts 


the stud end into the pool of molten metal. The tail 
piece of the latch mechanism also opens the interlock 
switch located under its end. This switch in turn opens 
the main contactor which interrupts the welding current 
automatically. 

The various automatic features of this system provide 
a number of advantages over the former manually con- 
trolled welding guns. 

First, accidental or false arcing of the gun is prevented 
because when a stud is inserted in the collet no welding 
current can be obtained through the stud unless suffi 
cient pressure is put on it to force the central shaft up 
ward against a spring until the latch hook locks under the 
bottom circular nut at top of shaft, thereby permitting 
the tail piece of the latch arm to close the interlock 
switch. 


Second, false operation of the gun is also prevents 


cause if the welding circuit is not actually establi 


from the 


end of the 


stud 


through 


the 


arc-indt 


material and the deck plating no welding current 
flow when the main contactor closes and therefor: 


current relay will not: operate. 


This in turn pri 


the timing relay from operating and therefore th 
solenoid will not operate to trip the latch arm 


feature is not provided in other systems. 


Third, after the gun has fired under normal condit 
it 1s imp¢ ssible for an arc to be formed between thx 
end of the stud and the end of the collet when the o 


tor pulls the collet off the stud. 


This 1S becaus« 


welding circuit is automatically opened by the gun i: 
lock switch and is not dependent upon the oper 


allowing the gun trigger switch to open. 
feature is not provided in other systems. 


illustrated by Figs. x. 4 
and etched 
welded to a steel strip 


section 


inspection reveals that a sizable portion of the stud e1 
is welded directly to the strip 


Quality of Welds 


» in. thick by 
weld fillet was trimmed off with a special tool. ( 


The quality of the welds made with this syster 
tf and 5. 
through a 


di 


g If] 


Likewis« 


Figure 4 is a polis! 
7 /1¢-1N. 


ameter 
wide. 


Figure 3 shows poli 


and etched sections of same size studs welded to hea 


plates. 


The left-hand stud was welded to the plat 


the vertical position which results in a minimum 


fillet material surrounding the junction. 
stud was welded down-hand. 


rl 


1e right-ha1 
Each of these views a 


shows an appreciable portion of the stud center, weld 


directly to the plate. 


Studs welded with this system extend a very unif 


distance above the deck plating, with uniform fillet 


around their ends as illustrated by Fig. 5. 
studs are tested to destruction, failure always takes place 
through the stud and not in the weld. 


In carrying out this welding work a direct current 


T) 


When the 


generator is used to supply the welding power. For 


general purposes the best results are obtained with th 
timing and current values given by Table | 


Welding 


Stud Current, 
Diameter Amp 
l/. 250) 
: 175 
550 
5 625 
é 775 
1 L000 


Table | 


ime 
in 
Second 


1 


6 
4 
4 
4 
2 


60 


Setting Indicated on Tin 
Dial Is Cycles Based on ¢ 
Cycles per Second 











WELDING HANDBOOK 


World’s most authoritative book on all phases of welding. 
1600 pages prepared by 270 leading welding experts. 
Price $6.00 in the U. S. A., $6.50 elsewhere 


Price to members for extra copies $5.00 


AMERICAN WELDING SOCIETY, 33 West 39th Street, New York, N. Y. 
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Steel Arc- 


Proposed Specifications for Stainless 
elding Electrodes for 


Welding Steels of High Hardenability 


IMPORTANT NOTICE: These 


proposed Specifications have 


! approved by the Society, but are being published for the 
ose of eliciting comments, suggestions and criticism Criti 
of the Specifications should be submitted to M. M. Kelly 
Secretary, AMERICAN WELDING Society, 33 West 39th St., New 
York, N. Y., and must be received not later than October 
142. in order to receive consideration 
‘5 é 
a) These specifications cover heavily covered 


etal arc-welding electrodes of the stainless (chromium 
nickel) type for manual welding of hardenable low alloy 

\ steels 
Nott In 


] Lal 
hardenaoiitty, 


connection with welding steels of high 


the requirements of these specifications per 
hain to tense 


metal and 


sted 
btu 


‘ j } : fhe 
strength and elongation of the depos 
Ss ; é 
not to high- or low-temperature characteristics, 
] " > 
heat or corrosion resistance 1 he 


reeb properties, Dur 


bose of these specifications 1s to assure uniformity of tne 


quality of the weld metal for those electrodes which have 


; ; , ’ , 
been previously approved by tne purchasing agency |fo? 


the welding of steels of high hardenability 
bh) The electrodes are classified on the basis of ulti 
mate tensile strength, elongation and analysis of all 
weld-metal specimens in the as-welded 
shown in Table 1 


condition, as 


| fan ufac ture 


>) 


2. The electrodes may be made by any methods that 
will yield a product conforming to the requirements ol 
these specifications 

Standard Sizes and Lengths 


4. Standard sizes and lengths of electrodes are as 
shown in the following table. In all cases, standard size 
reters to the diameter of the core wire. 


Standard Sizes 


Diameter of Core Wire, In Standard Lengths, I 
6, °/es, and 9 or 18” 
an 14 
4 18 
* In the case of 18-in. lengths of ‘ es and electrode 
enter gripping of the electrodes is standard In all other cast 
d gripping is standard 
“ le 
Chemical Composition 
4. The electrodes shall be capable of depositing metal 


onforming to the requirements as to chemical composi 
tion prescribed in Table 1. 


* Prepared by AmeRICAN WetpinG Soctery Filler 


mittes 





Table 1—Chemical and Tensile Requirements 
of Deposited Metal 


\ ‘ 
82M RRM 
Carbo ‘ i 
Manganese, " 
Chromium, % ‘ . 
Nickel, % 8 : 
Molybdenu w/ 2 i ' 
Pensile igth | S000 
Elo gall 2 ] 
/ 

Chemical Ana 

D Phe sample for analysis hall be prepared as fol 
lows A | by by in. pad of superimposed layer 
of weld metal shall be prepared « na piec tandard 
base metal (see Section’ 12 (a he top surface shall be 
cleaned by grinding or machining and a on » two-ouncs 
sample obtained from the top layers in such a mannet 
that the maximum penetration of the cutting tool into 
the pad ts not closer than '/,1n. to the b metal 
Tension Test 

6 Tension tests shall be mad prescribed in thi 
following Paragraphs (a) to (e 

1) The steels to be used for test plat hall confor.n 


to either of the following specifications the At 

Society for Testing Materials 
|) Standard Specifications for Carl 
for Stationary Boilers and Other Pressure V« 


sels (A.S.T.M. Designation: A 70 
-) Standard Specifications for Steel for Bridges and 
Buildings (A.S.T.M. Designatio1 A 7 open 
hearth or electric-furnace steel 
For electrodes smaller than 3 il the all-weld 
metal tension test is not practical and the strength of 
these sizes shall be judged by the strength of in. O1 
larger electrodes of the same class designatiot 
For electrodes '/, in. and larger a test plate shall be 
prepared as shown 1n Fig. | Che plate shall be insulated 
from the welding bench by in. of best during 
welding After the joint has been tac} the assembly 
shall be heated in boiling water for 5 mu prior to weld 
ing After depositing each pass the assembly shall be 
left on the asbestos to cool in still ir lor ) I iT 
then immersed in boiling water for 5 mu Each subse 
quent pass shall be deposited immediately after removal 
from boiling water \iter the last pa th emb!l 
shall be removed from boiling water after the 5-min 
period Ii it 1s necessary to interrupt the p equence 
prescribed above, the assembly shall be removed from 


boiling water after a 5-min. period 
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Shou/dered or square ends may 
used if desired 
and E are for 


ay be 
dimensions C,0 


wy & 
threaded ends 


Fig. | 





ill air at room temperature. When ready to resume 
work, the assembly shall be preheated in boiling water 
for a period of 5 min [he work shall be done at 
temperature of not less than 60° F 


tion 


room 
. and in the flat posi 
Weaving shall be the full width of the groove up to 
three times the diameter of the core wire, when the layer 
shall be divided into two passes overlapping. Test 
plates shall preferably be so supported that warping due 
to welding will not cause the finished test plate to be out 
of line by more than 5°. If test plates become warped 
more than 5° they shall be straightened cold. 

d) Two all-weld-metal tension test specimens shall be 
machined from the finished test plate as shown in Fig. 1, 
ind shall conform to the requirements as to 
strength and elongation prescribed in Table | 

e) If either specimen fails, another test plate shall be 
welded and beth specimens shall conform to the require 
ments as to tensile strength and elongation prescribed in 
Table | 


tensile 


Permissible Variations in Dimensions 


7. (a) Electrodes shall be bare or free from covering 
for a distance of about 1 im., but not more than 1! 
for making contact with the holder. 

h) The are end of each electrode shall be sufficiently 
bare to permit easy striking of the arc, but the length of 
the bare portion of the arc end, measured from the end to 
the point where the full cross section of the coating ob 
tains, shall not exceed one core wire diameter or in any 
case be more than '/s in 


, in., 


(c) The diameter of the core wire shall not vary more 
than plus or minus 0.003 in. from the standard size 
specified. The length shall not vary more than plus ot 
minus '/s in. from that specified 

d) The covering on electrodes of all sizes shall be 
concentric to the extent that the maximum core-plus-one 
covering dimension shall not exceed the minimum core 
plus-one-covering dunension by than 5° Che 


more ( 
concentricity 


shall be measured by any 
such as the following 


suitable means, 


The covering shall be 
electrode 


removed from one side of the 
care being taken to insure that no metal is re 
moved from the core) at about the middle of its length. 
he core-plus-one-covering dimension (which is_ the 
diameter of the core plus the thickness of the covering on 
side) shall Che 


one be measured with a micrometer 
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covering 


shall be remove 
electrode at a 


d from the opposit 
point distant from the place w 
covering was previously removed, and a similar mea 
ment made [wo more pairs of measurements of 
core-plus-one-covering dimension shall be made on pl 
at angles of 60 and 120° from the plane of the for: 
measurements. The pair of measurements which sh 
the greatest percentage of variation shall be used i 
termining the acceptability of the electrode 


side 
, 
here 


Electrode Coverings 


8. (a) The coverings shall, when cool, have suffict 
electrical resistance to effectively insulate against 


difference of potential of 100 v 
b) The slag produced shall be readily removable 


Workmanship 


9. The coverings shall be such that they are 
readily damaged by ordinary handling and shall bs 
commercially untform thickness and shall present 
workmanlike appearance. Coverings shall be free ft 
injurious scabs, blisters, abnormal pockmarks, bruts« 
other surface defects 
Packing 


10. Electrodes shall be suitably packed, wrapp: 
boxed or crated to insure against injury during shipm« 
or storage. Standard packages are 50 lb. net weight 
Varking 

11. All packages shall be 


following information 


legibly marked with 
(a) Class designation 

bh) Manufacturer’s name and trade designation 
c) Standard size and length 

d) Guarantee 


Guarantee 


12 Che manufacturer shall frequi 
intervals in accordance with the methods prescribed 
these specifications, and shall guarantee that the ele 
trodes in all sizes and classes conform to these specifi i 
tions and each container shall be so marked Lhe 
manufacturer's responsibility shall be limited to replace 
ment of any electrodes which do not « 


quirements of these specifications 


make tests at 


‘onform to the 
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Tentative Standards and Recommended Practices and 
Procedures for Spot Welding of Aluminum Alloys 
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HESE Tentative Standards and Recommended 

Practices and Procedures have been prepared in 

an attempt to assist fabricators of aircraft and air 
craft parts in adapting and using the spot welding proc 
ess. Since the art of spot welding, when applied to 
aluminum alloys, is comparatively new and is still in a 
highly fluid condition, with improvements and new 
developments occurring rapidly, these Standards and 
Recommended Practices and Procedures are not in- 
tended as permanent but rather as a temporary guide 
reflecting primarily the conditions existing at the time of 
their issue. It is the hope of the Committee that they 
will serve as an incentive for the industry to develop 
methods and procedures which would represent im 
provements of the practices recommended herein and will 
permit raising of standards of quality and performance in 
the near future. 

It is the intention of the Committee to keep in close 
touch with the industry and incorporate any improve- 
ment or development of the art in these Standards and 
Recommended Practices and Procedures by frequent and 
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periodic revisions. Accordingly, the fabricators of 
craft and its parts, and in general all users of aluminu: 
spot welding process, are urged to communicate to th 
Committee all improvements in the process which th« 
may develop as well as all suggested revisions and chang 
they may find desirable in order that the entire industry 
may share the benefits of individual accomplishment 
the earliest possible time. 










The communications may be directed to the member 
of the Committee or may be sent direct to the Committe 
headquarters at 850 Euclid Avenue, Cleveland, Ohio 

It is specifically understood that these Standards an 
Recommended Practices and Procedures apply only t 
the spot welding form of the Resistance Welding proces 
as defined by AMERICAN WELDING Socrety and that 
whenever the word welding occurs it is understood t 
refer to this form of the welding process only. It 1: 
further understood that except when stated to the con 
trary, they are applicable to all forms of spot welding 
irrespective of the means, methods or equipment used 
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Eprror’s Note—These Standards and Recommended Procedure vd 
tble in Pamphlet Form together with a series of Tables on Electrode Perforn 
ance Data, Machine Settings Data and Welding Schedules—Price $1.00 


Tentative Standards and Recommended 
Practices and Procedures for Spot 


Welding of Aluminum Alloys 


Foreword sist the first or the shear type of stress. H 
relationship between the two varies greatly depending on 
the material and to some extent on welding technique 

At this time the exact relationship between the re 
sistance of aluminum spot welds to the two type 
stress has not been clearly established though sufficient 
indication exists that the ratio of the tw trengths 1s 
adequate ior most practical purposes 1 


generally considered satisfactory in all other respect 
’ 


[hese Standards and Recommended Practices and 
Procedures are based on the state of the welding art and 
technique existing in U. S. A. at the beginning of 1942, 
is portrayed by the data submitted to the committee. 
As both the welding art and its use in industry are 
developing at a very fast rate, it is to be expected that 
revisions of and additions to these Standards will be re 
quired almost continually and it is the intention of the 
Committee responsible for these Standards to provide 
such revisions and additions at frequent intervals 

For the same reason and because the application of spot r 


= 


9 e ; _Foece 

welding process to aluminum and its alloys is compara n = ————1 
, , : : SSS Ee] o>; om, _, 

tively new, it is at present impractical to prescribe a — 7 = - ~ 





definite standard of practice or requirement for a num 
ber of more controversial phases of the process. Conse 
quently in such cases a recommendation only is made, 
with the intent that though in the majority of cases the 
recommendation represents the optimum practice or re paras 
quirement, legitimate exceptions may exist which should 


Fouce 

not be regarded as incompatible with the proper welding Fig. 1—Longitudinal Shear Stress in Spot Weld: 
quality and production efficiency. 

However, in a majority of cases, sufficient general agree 
ment and sound knowledge exist to permit establishment Fogce 
of a definite standard. 

Section I—-Standards of Weld Quality se, 
force | }Foece 
1. General 
‘ 

The primary function of a spot or a roller weld is to Sear Sg ’ 

attach one part to another and to maintain this attach tes 


ment against the application of design loads to the parts 
In the majority of cases, the loads acting on a spot 
weld are of two kinds, one with the lines of stress running 
parallel to the plane of the weld, usually caused by 
longitudinal shear at the plane of the joint, and the other For these reasons these Standards of 
with the lines of stress running at right angles to the based primarily on the ability of the spot weld to resist 
plane of the weld. (See Figs. 1 and 2.) the shear type stress or on its shear strength as evidenced 
The large majority of structures are designed so that by standard shear pull test 
the load applied to the spot weld is preponderantly of the Similarly, insufficient data on fatigue performance of 
first or shear type with only a slight component of the spot welds now available preclude intelli 
second or tension type. 


Fig. 2—-Direct Tension Stress i: 


weld qu ility are 


gent considera 
tion of this property of spot welds in their evaluation and 
In most materials, the ability of a weld to resist the ten- accordingly these Standards are based 


primarily on the 
sion type of stress is a direct function of its ability to re- static properties of spot welds 
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ition to the basic shear strength requirement, a 
ld must also possess certain other qualities 1f 1ts 
on the parts joined is not to be detrimental to 
tioning of these parts. 

e secondary characteristics of the welds must also 
to certain standards as given in the following 

s if the general quality of welding is to be cor 


] 
ood 


primary requirement of a spot weld 1s its ability to 
shear stress 
nce the exact strength of the joint depends on the 
ntity and pattern of all welds forming the joint as well 
m the individual strength of each spot weld, the 
trength of each spot weld need not necessarily be an 
t function of the size or gauge of the parts joined and 
us two welds joming identical parts but possessing 
similar shear strength may still be considered as en 
tirely satisfactory 
Since, however, the strength of a joint and of a struc 
ture must perforce be measured in multiples of each spot 
ld forming the joint, it is of utmost importance that all 
welds constituting the joimt should be of reasonably 
niform strength or should at least possess a certain 
inimum strength if intelligent design is at all possible 


Ve 


Practical experience as well as theoretical analysis 
licates that to obtain always the requisite minimum 
trength an inherent stability of spot weld strength is 
rhis in turn is found to occur within a ce 
tain minimum and maximum range of average spot weld 

e and strength, based on the practical geometry of the 
weld in respect to the gauge thickness of the parts joined 
y the weld. 


necessary 


Accordingly, the first requirement of good spot welding 
nade on a certain material thickness 1s to possess an average 
hear strength, as determined by the Standard Shear Pull 
Test, within certain fixed values given on Fig. 3 

rhe selection of the specific weld strength for a particu 
lar group of spot welds should be left to the discretion of 
the welding engineer and welding designer since it is fre 
quently governed by the consideration of design and 
ivailable equipment. Once it is selected, however, it 
should become the fabricator’s strength standard for the 
job or part for which it was selected. 


Strength Consistency 


From structural point of view the fact that a weld may 
possess greater strength than the strength arbitrarily 
attached to it and used by the designer is of no objection 
From practical consideration, however, a wide variation 

strength of welds made under supposedly similar condi 
tions is indicative of an unstable operating condition 
vhich may result in time in occurrence of 
than the desired design strength. 


we lds Ol less 


lherefore, for practical operating reasons, the second 
requirement of any series of spot welds made on the same 
iterial under supposedly identical conditions is to ex 
hibit a maximum possible uniformity and strength con 
istency 
Since a great number of factors contribute toward the 
rmation of a weld, a detrimental, from the point of 
iew of strength, change in any one factor would affect 
the strength of the weld probably only to a small extent 
However, a simultaneous adverse change in a nun f 
ictors may result in appreciable weakening of the weld 
trength. As the number of welds considered is increased 
probability of such a simultaneous occurrence 1s in 


iber 0 





age in 2! 
not over 
four welds, as detern 
sistency Test 
Since a definite 
ze and its stre 
comparable consistency in the 
iot over + 10! 


cracks 


duce 


and are 
result in formation 
(See Figs 


the 


extent ol 


creased and greater 
fore be expected 






With the present operating me 
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determined by 


Cherefore 
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tthan the above 


The average as exhibited by the Stre1 


lest may be any value provided 


Fig. 4—Section Through Spot Weld Showing 
Weld Structure of Aluminum Alloys 
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weld and therefore shall be considered as a defect unlese Mt i 
the diameter of this layer as exhibited by the Weld Meta) welds W 
Structure Test ts less than 20°7 of the diameter the r 
weld. The same is true of longitudinal cracks { 
plane of joint which occasionally occur in spot is th 
It must be remembered, however, that the signifi 
of these structural defects lies in their tendency to lower , 
appreciably the shear strength of the weld, and for this cco 
reason their presence would be usually detected by hove 
Strength Consistency Test. rest 01 
5. Weld Penetration . - 
The penetration of the cast weld metal into the sideret 
sheets of a joint is of primary importance since it bears a See F 
definite relationship to the weld strength consistency a: t] 
_ to the presence of severe cracks extending to the surfac part o 
cate § nm ecanmerall slight { 1 of th of the sheets joined. Thus welds with penetration int instal 
heet ) either one or both of the two outer sheets of less than the pe 
Fig. 5—Sections Through Defective 24ST Alclad Welds Show- of the thickness of the sheet as measured by the Standard pre scr 
ing Severe Cracks. Keller's Etch. X 8 nail 
We ld 
[here appears to be no conclusive evidence at this time total 
that the internal cracks, that is, shrinkage cracks pres 
ent in the weld metal which do not extend beyond the 
weld metal or the surface of the part joined, have any 
detrimental effect upon welds. Similarly, there appears 
to be no evidence that presence of porosity or small 
cavities have any detrimental effect upon the weld. 
Accordingly, and until evidence to the contrary is pro 
duced, the presence of such cracks and porosity in any 
amount shall not be considered as detrimental to or re 
flecting on the general quality of welding. (See Fig. 7.) 
The permissible porosity shall be defined as presence 
of one or more cavities whose dimensions in any one direc 
tion shall not exceed 20% of the thickness of the thickest 
sheet joined or 10% of the total thickness joined, which 
ever is the largest. 
In alclad materials it is occasionally possible to produce 
welds in which the pure aluminum of the cladding has not 
become diffused in the weld metal but is present in a thin 
layer usually parallel to the plane of the weld. The Fig. 7—Section Through 24ST Alclad Weld Showing Per 
presence of such homogeneous layer of alcladding within missible Internal Cracks. Keller's Etch. X50 
An extreme case of metal expulsion causing large cavity and collapse of the weld wall. Traces of expelled meta! car 
be seen adjacent to the weld between the faying surfaces 
pi 
p 
\ 
pulsion of the metal 
traces of which can be 


seen between thefaying . 


taces 


Fig. 6—Sections Through Defective 24ST Alcad Weld Showing Severe Cavitation and Metal Expulsion 
Keller's Etch. X 10 
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f Weld 


Weld Penetrati 





mn Test or the Weld Metal Structure 


Test 


are indicative of an unstable operating condition where 
welds with less than minimum or even zero strength may 


pected to 


occur. Similarly, welds with penetra 


tj nto either one or both of the two outer sheets of 


than 80% 


of the thickness of the sheet are indica 


e of an operating condition where severely cracked 


wel iS 
Accordingly, 
range, 


iDt { 


may occasionally result. 


welds exhibiting penetration beyond the 


as exhibited by the Weld Metal Structure 


rest or the Weld Penetration Test, though not in them 


selves defective, 


Noo;r 


| I 


welding te 


shall be considered as indicative of 
chnique and their presence shall be con 


sidered as condemning the general quality of welding 


See Fig. Ss.) 


If the penetr: 


instance, in 


pre scribed 


total weld area, 


above 


ition of the weld is different at any one 
part of the weld from the rest of the weld, as is true, 
5; case of toroidal or doughnut-shaped welds, 
the penetration of that part shall be also within the limits 
part as 
measured by the Standard Weld Penetration Test or the 
Weld Metal Structure 


provided the area of that 


Test is not less than 20°7 


in which case it can be disregarded 


a 


for 


of the 





Neld between twc — al thicknesses s with proper per etrati 
1e thickness but insufficient penetration into the other thick 
The strength of this particular weld is entirely satisfactory 
i slight on in welding condition may « e cor e lack 
enetrat ind it therefore, indicative of tab] 


Fig. 


No conclusive evidence appears to exist at this time 
that symmetry in the vertical plane of the joint, that is, 
proportionately equal penetration into the outside sheets 
joined, is of any significance or advantage 
into 
the 


penetration 
Accordingly, 





8—Sections Through a Defective 24ST Alclad Weld Show- 
ing Improper Weld Penetration. 


Keller's Etch. X10 


Symmetry 


the sheets is within proper 


as long as the 
limits 
absence or lack of this symmetry shall 


not be considered as affecting the quality of the weld 


e Fig. 9.) 


“T rhe absence of symmetry in the horizontal plane of the 


weld as exhibited by welds of irregular, star or clover 


leaf area at the 
variable 


plane of the joint is indicative of either a 
contact resistance or of 


other 


unsatisfactory 


operating condition which may result in occasional oc 
currence of either low strength or severely cracked welds 


Cherefore, reasonable symmetry of the area at the plane 
of the joint should be exhibited by good welds, though the 
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Fig. 9 
factory 


Though Asymmetrical, Penetration 


exact shape of the area ts of no particular 
may be circular, oval or eliptical 
Presence of irregularly shaped weld 
in any appreciable quantity shall be « 
cation of a poor welding technique 
the quality of welding. (See Fig 0) 


é Su ra Inde nialion 


Che surface indentation produced 
be significant either because of 
appearance and smoothness of the part 
of its effect on the separation or fit of tl 

In aircraft structures parts with out 
posed to air stream require maximum 
It is, therefore, imperative that on such 
dentation due to a spot weld dos 
inch 


An extremely deep indentation is usually 


excessive separation between the parts 


indicative of an undesirable operating cot 
result in welds def 


f which may 
According ly 
20%, and over of the 

the indentation is confined to one 
if indentation is approximately equally 


sistence ol 


respects. welds with surfa 


Sl le ( 


Sections Through 24ST Alclad Welds Sh 


its etlect 


not excet 
at 


wowned 


total thic kness weld 


Suriaces 


tO OO 


} 
i 


1 
I 


iT 


idition 


sf 


stra 


‘ 


tof 


cative 


! 
{ 


1S 


the 


IT) 


' 


yuite 


also 


per 


other 


ntati 
nost ol 








Fig 
Irregularly Shaped Welds at the Plane of Joint, Probably 
by Improper Surface Preparation 
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10—Section Through Plane of Joint of Welds Showing 
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tween the two sides shall be considered as uns itis! €) 
and their presence in any appreciable quantity sh 
demn the general quality of welding. This, of if 
applies only to surfaces not exposed to air strea: ill 
only 0.004 of an inch indentation or less is cor it 
satisfactory. (See Fig. 11. 
Indentations of irregular circumference or 
surface of the weld at an appreciable obvious 
observation) angle to the surface of the part wel 
indicative of a poor operating condition é 
therefore considered as unsatisfactory 
g Surface Burning % 
[he purpose of pure aluminum on the sur fae 
ilclad alloys is to improve the corrosion properti ni 
illoys. Accordingly welds with the alclad removs os 
the surface of the weld from excessive heating ti 
causes shall be considered as unsatisfactory ar de 
Fig. 11—Sections Through Defective Weld Showing Excessive presence of such welds in quantities of over 3% o1 a 
Surface Indentation. Keller's Etch. X6 e1d 
tural and 6% on non-structur r parts shall be cor nd 
is condemning the general quality of welding : 
small « 
hall 
1e ge 
Shee 
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Section I]-Material Preparation 


All aluminum and aluminum alloys should be suitably 
treated prior to spot welding to expedite welding opera 
tion and to improve the quality of resulting welds 


) ; 
] Purpose of Surface Preparation 


rhe purpose of pre-weld surface preparation of alu 
minum and aluminum alloys 1s to eliminate variations in 
the heat of welding due to variations in the contact sur 
face resistance of unprepared aluminum sheets and to 
reduce to a minimum the heating between the aluminum 
sheet and the welding electrodes supplying current to the 
weld 

Che surface resistance of aluminum sheets 1s caused by 
the presence on the sheet of foreign substances either de 
posited on the sheet in the course of handling or formed 
chemically by the action of atmosphere or other agents 
brought in contact with the sheet during fabrication. 

It is important to realize that the mechanical and 
chemical films constituting the surface resistance are in 
no way similar and different methods must be used for 
the removal of each film 

Since the fundamental principle of spot welding is 
creation of fusion between the inner surfaces of the parts 
joined but not on their outside surfaces it is self-evident 
that heat produced between electrode surfaces and sheets 
welded can be only harmful, particularly so if surface 
marking of the sheets is to be avoided. In addition, 
since aluminum alloys readily alloy with copper, especi 
ally at higher temperatures, it is important that the tem 
perature of the aluminum to copper contact remain as 
low as possible in order that the electrode surfaces remain 
clean and do not become contaminated with aluminum 
or other foreign material 

[t is then imperative to remove both dirt and the oxide 
film from the surfaces of the parts welded coming in con 
tact with the welding electrode to insure welds with good 
surface appearance and to minimize electrode pick-up, 
and thus increase electrode life 

he need of removing the resistance film between the 
surfaces being welded is equally great though at first not 
so apparent. It is evident that any mechanically de 
posited film such as oil, dirt, etc., cannot be uniform and 
therefore will introduce variation into the contact re 
sistance and therefore into the amount of welding heat 
generated, which in turn will vary the extent of fusion 
For this reason this film must be removed. The chemical 
film of aluminum oxide present on all aluminum and its 
alloys is also non-uniform in character. In addition, it is 
frequently of such magnitude that a breakdown through 
the film requires an appreciable potential with the result 
that when it occurs, the passage of welding current is 
sharply localized to a few points which in turn results in 
excessive local heating, expulsion of weld metal from the 
weld, weld cavities, and irregularity in the shape of the 
welds 

lheoretically the contact resistance between the sur 
faces welded need not be reduced to zero but can remain 
at a certain uniform and preferably fairly low value. In 
practice, however, it is very difficult to reproduce this 
condition consistently and for all practical purposes the 
best procedure is to reduce the surface film to as low a 
value as possible 


9 


2. Ideal Surface Preparation Method 


The ideal surface preparation method would remove 
all mechanically or chemically deposited film from the 
surface without attacking the alloy proper or the alu 
minum cladding if this is present. In addition, the 
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method should leave the surface protected with 
form film of very low resistance, inhibiting the forn 
of oxide film which otherwise would begin to tak: 
immediately the moment aluminum or its alloys 
posed to the atmosphere. The resistance of this pr 
tive film, however, must not be materially different 
that of the alloy itself. A preparation of this ki: 
permit uniform length of time exposure for all 
thicknesses, will not be critical to over exposure, ar 
permit welding several days after cleaning or as 
the protective film lasts 

No method providing all of these requirements j 
known. There are, however, several methods 
approach the first requirement with a fair degre« 
cess. The actions of these methods are either che: 
or mechanical and they, therefore, fall broadly into t 
two categories depending upon their method of atta 
3. Available Methods of Surface Cleaning 

There are a number of means of removing th: 
chanically deposited film of dirt or oil from the suri 
aluminum or its alloys. Any oil- or grease-dissol 
operation combined with some form of mechanical 
tion such as spraying or wiping action which result 
positive removal of oil, grease and dirt is satisfact 
Vapor degreasers and chemical baths are the most 
factory though with proper supervision and techniqu 
hand wiping with acetone or alcohol, though k 
pendable, can be also satisfactory 

It must be remembered that the removal of for 
substances such as oil or dirt from the aluminum sur 
is not only necessary for its own sake but also in order t 
permit the subsequent removal of the oxide film 
most of the means capable of attacking this filn 
rendered, to a large degree, ineffective by the preset 
oil or grease, and will not operate unless the surfa 
chemically clean, that is, will support a water film 


4. Mechanical Methods of Oxide Removal 

The chemically formed film of oxide present 01 
aluminum surfaces can be scraped off by any mechani 
operation utilizing the abrasive action of steel wool, wi 
brush or any abrasive powder. The action must 
sufficiently severe to cut through the oxide film yet gentk 
enough to prevent formation of an excessively rough 
scratched surface. In the case of alclad alloys, the acti 
must be sufficiently slow to guard against apprecial 
removal of the aluminum cladding. For this reason t 
bristles of wire brushes and the grade of abrasive must be 
sufficiently fine to produce comparatively slow removal 
material with each application. In general, the bristle 
must not be over 0.004 in. in diameter and the abrasi 
not over No. 240 aloxite cloth 

The principal advantages of mechanical method 
oxide removal are 


First—ability to completely remove the oxide filn 
without any danger of subsequent deposit of 
other high resistance film 

Second—ability to remove oxide film from any p 
of a surface without the need of treating the enti 
surface. 

Third—very low, capital investment. 

Che principal disadvantages of the mechanical meth 

of oxide removal are 


First—high unit labor cost since steel wool, wire bru 
or abrasive must be applied to the surface by hat 
and since the removal is comparatively slow. 

Second—difficulty of insuring uniform action by the 
operator since the extent of removal depends on the 
force applied by the operator to the rotary brush 
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sive sander or steel wool pad and the length ot 
plication of these means by him to any one spot 


nical Means of Oxide Removal 


are a number of chemical agents which will 
the aluminum oxide film and thus free the alu 
oie , surface from it. Unfortunately, however, most ot 
wents, after removing the film, will attack the 
itself though a few will not attack some specifi 

num alloys such as, for instance, 525. 
hemical cleaning, therefore, time of exposure to the 
tion of the oxide removing chemical is of great impor 
e as the resistance of the films deposited on the alu 
im surface, by the subsequent action of the agents, 
frequently of the same order of magnitude as the 
riginal oxide film removed by them. (See N.A.C.A 
Report No. 3 on Spot Welding Investigation at Rensselaer 

‘olytechnic Institute. 

Hydrofluoric acid of usually three per cent by volume 
neentration is probably the most powerful agent for 
. ittacking aluminum oxide film. Unfortunately the 
tion of this acid on the material itself is just as violent 

id therefore the operation, although very fast, is very 
ritical and must be done with extreme care 

Sodium hydroxide (caustic soda) is another powerful 
gent attacking aluminum oxide. However, it attacks 
the material itself even more rapidly than the oxide film, 
forming a high resistant deposit so that its use also 1s 
langerous and very critical in so far as time is con 
erned. In addition, because of the faster action on the 
Juminum than on the oxide, the resultant surface 1s apt 
to be non-uniform and of varying resistance. For this 
reason, although it was one of the first agents to be tried, 
its use is not recommended for spot welding. 

Mild acids with sulphur basis appear to be in some 
ways superior to other forms of oxide removal chemicals 
since their action is slower and the time of their applica 
tion much less critical. Of those the preparations of the 
type of Oakite 84-A Solution appear to be the best at 
this time. They attack the oxide film comparatively 
rapidly and their action on the material itself after the 
removal of oxide is considerably delayed so that an 
ippreciable tolerance in the time of exposure can be per 
mitted. 

The usual method of application of chemical oxide re 
movers is by immersion of the surface to be welded into 

the solution stored for this purpose in suitable corrosion 
resistant tanks. The immersion may be done manually 
by the operator or by means of a hoist-operated basket 

An alternative method is by suspending the agent in a 
elly or paste such as, for instance, a solution of gum 
tragacanth in water, which is then spread or smeared on 
the surface to be cleaned. This method does not lend 
itself easily to accurate control, is messy and slow in 
pplication, and for these reasons has been almost univer 
sally abandoned. 

Che principal advantages of the chemical method of 
cleaning are: 


First—extreme uniformity of results and ability to 
reproduce consistently the same surface condition 
provided proper process control is exercised—in 
dependently of the skill of any individual operator 
Second—low unit labor cost since with proper installa 
tion the only labor cost is in loading and unloading 
of the cleaning basket 


Che principal disadvantages of the chemical method of 


leaning are 


First necessity to control accurately the time of ex 


posure of the surface treated to the action of the 
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result in higher surface resistance 


Second 


factory floor 
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Third 


ing corrosion-resisting tanks, automatic ten 
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if 


6 Jost Common 
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which are at present 
methods are the best that 
none of them are completely sat 
hoped that better methods will be de‘ 
luture 


presence of corrosive acids 


1 thet, potenti il 


comparatively elaborate ims 


, ; - 
Vethods of Cleaniny 


are given the methods 


most commonly 


ippeal 


It must be remembered that consiste1 


faces treated 
traces of shredded steel wool must be 
off the surface and the cleaning material 
or chemical cleaner must be carefully 
off with water, respectively 
ing and oxide removal operations mast be 
thorough rinsing in water 


mediately by 


importance, 
formity can only be obtained if the 
face preparation 1s treated 1n a series « 
controlled steps with proper provisions 
further contamination of the surfaces 

process from any outside source whats: 


ity of the resistance of the prepared surt 
and that this cons 
entire 


accidental reactions of the different ag 
Chis in turn means that application 
must be followed at the earliest possibl 
tions designed for their complete remo 


in mechanical 


Similarly 


and rapid drying by means of hot at 


extremely hot water 


In chemical methods, time of exposure 


of the solution 


should be controlled 
mechanical methods the effort and perfor: 


operator must be rigorously supervised 


checked and inspected 

It must also be remembered that as soon 
is prepared for welding the chemical action of the 
phere and the mechanical action of the depositior 
begin to undo the work performed during 
For this reason the welding n 
ducted as soon as practical after the surface preparation 
In general, the surfaces prepared should | 
24 hr. Greater 
welding frequently 
electrode maintenance 
vision in the routing a 

In general the advantages of chemical met 
be realized in comparatively large installations w 
least four or five spot welding machines are used 
versely, the disadvantages of the mechanical 
least in a comparatively small installation 
differential would be at a minimum and the 
formance of the few operators require d 


preparation 


intervals betweet 


result in sufficier 
ind weld quality t 
nd assembly procedure 


to check and, therefore, to insure 


4 Conclusion 


Enough emphasis cannot be placed o1 


of properly controlled and operated 
plan. Although other factors enter 


that at least 75‘ 
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face spitting, weld spitting, irregularity 
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Welding Technigq 
Tal Time of Immersion of 24ST Alclad Aluminun 
5 for Removal of Oxide Film in 3% by Weight Solutior y, 

of HF Acid at 60-90° F. Temperature 


, Although in a broad sense welding tecl 
il Gauge Dime 
ill operations pertaining to joining of part y we 
ie 20 seconds : : . : 
020 25 seconds it will be arbitrarily assumed herein t to that 
O25 30 seconds p irt | the we Iding process which a ils lire | tl 
032 35 seconds use of the welding apparatus to produce a wel t 
040 () se , ‘ 
~ 40 second words, welding technique will denote the 
05 15 second ' | 4 
164 50 second just and control the operatiol tT the weildll 
72 55 seconds to produce welds of desired strengt! jual 
) OR4 60 second 
; é f trode Shape ar ! \/ nie ; 
f immersi« 1 xt deviate fro he abov 
y y hat ymnd (Contour of / é rode | ) | 
electrode surfaces in contact with the parts b ‘ 
is a function of the thickness of the part 
of welding process being used. It ts al i fi { the 
1) , .; surf , -" j ’ A of the d 
Table 3—Time of Immersion of 24ST Alclad Aluminum uriace appearance Gesiread ana OF Ui 


Alloy for Removal of Oxide Film, in 6 Oz. to 1 Gal. Solution weld indentation between the two sid 
of Oakite 84A or Equivalent at 180° F. Temperature frequently also a function of the rigidit 








P ‘ 7 : m rmnd it ti wmreac ; 1; 
tal Gaug Minimum Time Maximum Ti irms and of the a u aate 
Lt ; min t mit bottom electrodes 
O20 2 min } min By making certain assumptior 
).Ue ~< min + min i number of welding operations can be torily pet 
2 n 9 mi ' * (ibe , 
un vn formed with electrods posst ing 
U4 2 min 9 min . 
—e - tours 
05 2'/, min 6 min ul 
064 2'/. min 65 Che principal assumptio isu 
072 min 7 mi 
084 min 7 min First—-that it is desired to 
' see J , : weld indentation on one sic 
engti mersion within the ibove rang¢ 1 itisia ry ‘ ; ‘ 
side as free from wel imdentats« 
Second—that a slight amount isalis ent el 
trode tips and deflection of tl 
welding will be encountered and 
Table 4 productior 
| tisfv thos { 
repre . ‘ ao - ‘ n a - IT the two ele trod hye ‘ either if 
, 1 curvature so slight as to render it 1n ef 
> 80% 
< ir more ind that the other elect ped t el 
tal radiu l ypive | ( 
© 40m r ee the iterial beu g \ ( 
quiva lert - that the electrods the great 
: ” used whenever p by] 
" The electrode ( I 
tantially the ume ti I t the { 
~— , cept that ) the ae 1 rl 
: ’ flat t appreciabl reat 
diameter of the resultant wel t 
ee ites | ifter such flat spot the 
j 
tior 
. ° , PN Oe j } é le { é ; 
wire brust . at - x * ret 7 
+» 009" brist It has been long customary in certa pot we 
“ : hou 
T : ing to shape the electrode tip by hand 1n 1 I et 
] means of a fil Chis practice shoul é t i! 
uluminum welding since the quality the 
- “ sensitive to the electrode ontour t 
wool. B r 24S and 17S, or any other . welding, and since results obtain pins 
» usua panne perforce very crude and inaccurate 
soste rue chemical stre Pn . : With proper suriace preparati 
uae electrode water cooling as well wit t hig ‘ { le 
. 4 | electr vle illovs j no;rt i] wel 1m1¢ le TT ‘ 7) ‘ 
, —— capable of maintaining 11 hap t 
wa in run continual operation of it less 1 vet 
| itat ere ge 1 
essary. eight hours or a total of 2000 to 5000 v 
7 . gauge thickness and speed of oper 
y , I 
electrode shows signs of wear ot t 
should be replaced with 1 new electrode 
z ° 1 
tion to the original contour should be t 
by means of a special electrode shap1 { lappl to the 
electrode while the electrode is still in t dew oe 
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Table 5—Recommended Electrode Contour Table 6—Average Number of Spot Welds Between Clean 


of Electrodes That Can Be Expected in Productio: 










Ele« tro 
Electrostati Electrode Diameter in In magnetic N 
Gz To rr 4 
For the top or the movable electrode ‘ — lype of 
; R Material Combination Equipment 
016 2in.R ‘ In 9AC - - 
”) 9 ) iP e 24ST Alclad 0.025 to 0.025 Alternating current 
20 2in.R Lt /, ,in. R ; 
: R , . in B 0.040 to 0.040 
wt? « in ~ 
0 O04 2 j R l . -R 0.064 to 0.064 
) USSU «- in < - X 
0.050 2in. R , . 2 2 in. R 0.025 to 0.025 Stored energy, 
0.064 4in. R . . { in. R 0.040 to 0.040 electromagneti 
1.072 4in. R '/'s Ie (1 t{ in. R 0.064 to 0.064 
0.080 4in. R s 1 l 4 in. R 0.025 to 0.025 Stored energy, con 
0.098 4in. R s lI? l in. R 0.640 to 0.040 denser discharge 
109 4in. R 1/5, 1} 1*/s in. R 0.064 to 0.064 
For the bottom or stationary ele ( trode D225, 235, 245 U 025 to UV 025 Stored energy, elec 
0.016—- 10 in. R 7 1! 10 in. R formed and heat 0.040 to 0.040 tromagnetic 
0 100 or flat ; or flat treated 0.064 to 0.064 2 
52S, 53S, 24S 0.025 to 0.025 Stored energy, con 
formed and heat 0.040 to 0.040 denser discharge 
treated 0.064 to 0.064 





ing the performance of this tool is to all purposes indis- 
tinguishable from that of a lathe. 

Under the present welding conditions it is necessary to 
keep the electrode surface clean and free from aluminum 
pick-up by hand dressing operation performed periodi 
cally 

This cleaning operation should be sufficiently light to 
prevent removal of any appreciable amount of elec- 
trode material or any appreciable change in electrode 
contour. A steel or aluminum paddle with a thin rubber 
cushion against the dome side and covered with No. 240 
to No. 320 aloxite cloth can be used successfully for 
cleaning the electrode surface, when clamped between 
the electrodes at light ‘‘cleaning’’ pressure and rotated 
a few times. 







Too frequent cleaning in some ways is as undesir 
as too infrequent cleaning. In general the safe number 
spot welds between cleanings should be 70 to 80% of th 
number of welds the tip is capable of making without 
surface roughness or discoloration beginning to appear 
the spot welds. A less frequent cleaning will result 
rapid deterioration of the electrode. A more frequent 
cleaning will unnecessarily slow down the welding speed 
and will also tend to decrease the electrode life. 

Besides the surface preparation, the causes contribut 
ing to the excessive electrode pick-up and wear are th« 
ones tending to raise the contact resistance of the el 


























Table 7—Spot Welding Schedule 


Alternate Current Equipment 
Machine No. 





Machine Make 













Machine Rating KVA 
a commenced Method of Surface Preparation 















METAL AND ELECTRODE % PHASE . 

GAUGE WELD WELD DIA. AND DISTANCE CONTROL GAUGE ELECTRODE- R.M.S. 
COMBINATIONS SHEAR BUTTON RADIUS BETWEEN THROAT WELD HOLD OR HEAT PRESSURE PRESSURE SEC ONDARY 
Top Bottom STRENGTH DIA, Top Bottom ARMS DEPTH TIME TIME NO. LBS. IN LBS. CURRENT 




















* For welding engineer rocords only. 
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Table 8—Spot Welding Schedule 
Stored Energy Equipment—Electromagnetic Typ: 
Mac 
Machine Make 
Machine Rating Meth © Surface Preser F - 7 
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rode Of these, the electrode material and electrode however, very freque nt dressing and pt 


perating temperature are probably the most 
In general any electrode material possessing elec 


tant 


impor 


rode conductivity of less than 85°% of that of pure cop- 


per is unsatisfactory 


Also, in general, th 


e welding elec- 


trodes should not be allowed to reach a temperature in 


}: 


xcess of 60 


formation of the weld 


except momentarily at the 


» instant of the 


Under no conditions should the 


utside temperature of the cylindrical wall of the elec 


trode be allowed to reach a temperature over 90° F 


momentarily. 
The above 


recommendations are only 


even 


approximate. 


They represent conditions which can be easily met in 
production with reasonably good water cooling and with 
use of electrodes of reasonable diameter. 
understood that special applications requiring the use of 


extremely narrow or poorly 
result in entirely different 


= 


= 


conditions. I 
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It is, of course, 


water-cooled electrodes may 


n those cases, 


must be expec ted 


With the use of precautions describe: 
mal frequency of electrode cleaning shouk 
than given in Table 6 

Considerably better electrods periormn 


as pick up 1s concerned can be obtained 
pure copper Untortunately the chans 
perienced with the use of pure copper 
ness of 50-B and less is such as to r 

tion and thus perhaps neutralize the ad 
by lessened pick-up characteristi 


a 11’.)J * bod. Pe 
J. Welding Schedules 


x 


a) Definition, Type Forn ry 
schedule will be used herein to denote the 
justments of the welding machine 
weld of desired ind 


rors 
Lia 


requi 


strength quality 


Table 9—Spot Welding Schedule 
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control the form of the welding schedule will 












































iry de 
pending on the type of welding apparatus used. In addi 
tion the variables, the control of which the schedule pur 





ports to indicate, can be described in terms of the 


























the machine such as primary current or primary volt 
ge and pounds of air pressure into t 
terms of the output of the machine such 
nt and pound force at the welding tip 








is secondary 














Che exact form of the weldi 








ig schedule will then per 



























































the form used, the welding schedule should always con 
tain sufficient data to definitely tie down the setting or 
adjustment of every 






































lachine and which can be changed by the operator. 


b Establishment and Use of Welding Schedules. 
With proper process control established for all phases of 
welding it is possible and practical to duplica 


to day on any one 




















te from day 
machine results obtained previously 
with certain machine settings 




















rhus it becomes possible 
establish certain optimum welding schedules for welds 
of certain desired properties 

Since uniformity and consistency are probably two of 
the most important requirements of welding it is strongly 
recommended that the settings of welding 


equipment be 
not left to the discretion of the individual operator o1 
| 


leader but should be established once and for all by the 
cooperative efforts of welding engineer and production 
upervisor and the welding operation be then 


required 
to be conducted in accordance with this established 
chedule 























































































































Chis procedure not only insures uniformity of results 
but also tends to draw attention to any 
difference u 











variation or 
the entire welding process as soon as any 
tendency for such difference appears. Thus, 














as soon as it 
becomes difficult or impossible for the operator to repro 
duce welds of certain predetermined quality with the 
prescribed welding technique, a definite indication is ob 
tained of change either in the surface preparation of the 
material or in the material itself, or in the operation of 
the welding equipment, any one of which changes, unless 
it 1s satisfactorily analyzed and provided for, may con 
stitute a continuous hazard to weld quality and con 
sistency 






















































































Since difference exists in the operation of individual 
machines even of identical rating and type, each machine 
should have its own welding schedule covering the opera 
tions normally conducted on this machine displayed con 
spicuously at or near the machine and no attempt should 
be made to operate one welding machine from a schedule 
intended for another machine even though the two may 
be of the identical type and rating. 

In addition, any possible change in the accessories used 
on the machine such as different arms, different fixtures 
and jigs as well as any necessary adjustments in the 
geometry of the machine arms or electrode holders should 
be considered in the preparation of the welding schedules 
and, if necessary, different schedules provided for opera 
tion of equipment under different conditions. 

lo provide for the variations in the process control 
falling within the practical tolerances of each operation, 

deviation from the established schedule of one of the 


variables should be allowed, provided that this deviation 
does not exceed + 10°7, of the 































































































variable chosen. The exact 
extent of permissible deviation will depend on the particu 
lar operation and on 
tablished by the 











the process control tolerances es 
fabricator 
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types of equipment require different adjustments and 





input 


he machine, or 1n 


lorce vary, depending on the apparatus and the particular 

nditions existing in the fabricator’s plant Tables 7 
to 9 give an arbitrary form and it is recommended that 
lor the sake of uniformity this form be used. Whatevet 


variable which is provided on the 
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[It is, therefore, recommended that f 
establish and enforce permissible percentage 
tion from the welding schedule, which the oy 


exercise at his own discretion 


Similarly, the variable chosen is 
ich fabric - by ] iself s . +) 
eacn labricator Dy himsell since tl 
tated by conditions which may not be the me 
plant 


In general appears that a deviation 


10% in the adjustment of the welding current 
most practical to be left to the discretion of the 
with all other variables fixed 

Responsibility for Use of the Weldii > 


[t is recommended that the responsibility for tl 
the proper welding schedules be placed on the \ 
supervisor or foreman and that no deviation from 1 
of the proper schedule beyond the limits allows 
schedule should be made without his knowledge and 
tion. It is recommended that indiscriminate de; 
from the welding schedule settings by operators, | 
or setup men be made a serious offense subject t 
plinary action. 


u 


It is recommended that the schedule di 
machine b e m: eh to give the necessary informatio! 


operator in the most direct form, that is, 1n a fort 


would entail the least difficulties on his p 
lating the intended welding technique int 
machine settings 

However, in establishing and preparing proper 
schedules, it is recommended that proper weldi 


nique for each pauge and materials 
established in terms of the fundamental weldiu 
such as electrode contour and temperature, tl 


tude, shape and duration of the weldi1 


force or forces exerted by electrodes on the wel 
ing the weld cyck These fundamentals, once 
lished, will permit reproduction of identical weld 
machine ope rating on the same welding prin = 
spective of type, rating or size. The task of prepari 


pi 
schedule for each individual 


can then be reduced merely to the determination 

proper settings and adjustments which 1n the m 

under consideration will produce the desired secot 
urrent and pressure output. 


suitable welding 


iliac 


rhis procedure will greatly assist in utilizing the 
welding experience in selecting and preparing sche 
for additional and new equipment. 

The determination of the welding fundamental: 
quires the use of instruments directly measuring the 
put of the welding equipment. The type and manner 
use of such instruments are described in Section VII 
these Standards dealing with welding equipment an 
auxiliaries 

d) Welding Schedules Now in Use.—The devel 
ment of spot wel ling equipment is at present procet 
it such a rapid pace that recomn 1e1 idation of any 


welding schedules would be impractical.” 
t. Relationship Between Welding Technique and 
P roperties 
a) General.—In general it can be stated that proj 


process control—that is, proper control of a// the fact 


entering into fabrication of parts and assemblies by s] 
welding, beginning with surface preparation, pt! 
flange widths and proper fitting of parts—plays a 


* Tables A-4t 4.17 of the 





' . Ay 
lables represent welding schedul ) t l yp 
which are being used at this date in aircraft fact her 
assistance as a general guide or starting point in jf pa n 
of welding schedules applicable to any one fabricat h 
»y the AMERICAN WELDING SOCIETY Price $1.04 























part in the quality and consistency ot the re larlv true ot the thin gauge combi 
elds than the welding technique alone That is thickness of the secti welded undet t be 
process factors under proper control there 1 comes progressively Ik pronounces 


ulty in obtaining good welds with reasonab! the section welded increas until 
ber of welding techniques, as exemplified | total thickness, increase in weld 
types of welding equipment and different ma increase alone, though still 
ttings Or tance, 1s appreciabl 
theless, the importance of selecting proper wel Strey Cor 
ules must not be underestimated as although ence of welds of extremely lov 
welds can be made as mentioned above with pparently satisfactory wel 
welding techniques, certain of them are c which contribute to an excessivel 
easier to use 1n production than the others ture rise within the weld and thr re 
neral, the proper welding schedules for any e gradient around the weld \ 
lar job represent a compromise between the best following may produce 
internal weld structure, surlace appearance ~ ee a 
de life and consistency of weld strength Thu Se nant Laie ; 
; , . eee ae i a eCcond welding curr 
ee Oe nn Se er eeere pepe omer i and high duratio1 
ind porosity may frequently result in a schedul Mhied . ‘ear 
‘ : ; mira excessive neatils ) 
would tend to produce in production a certain pe aca aiid suad 4 ee 
.7 Veid eta 11idi ¢ Lie Cie 
tage of extremely wear welds or even of Welds withou T , ar 
: caused by unduly high or pr 
Similarly im over-empnasis on weld strer ' 
in presence of welds with cracks extendin he \ further general 10 é 
f rine n eria 1nd @xce 1V'€ ele trode R- inv weldu oO hi 1ique where 
Some of the more fundamental aspects of the Rel the weld metal is but a small tract: tot int 
Between Weld Properties and Welding Tech of energy generated at the init go the 
ire discussed briefly in the following sect fusion, is far more susceptible t 
Weld Stre The size of the spot wel ind th the technique wherein the 
ore to a large extent its shear strength depend « energy me iry to ts 
the amount of heat generated at the spot and the stituting the final weld ti: v1 
ipplied the welding electrode at the weld ubstantial part of the total ene 
h within certain limits, and usually at the expens« Thus welds of very shallow ps 
the general weld quality, variations in strengt] trem ill diameter 
ed by variations of welding current alone the parts welded and/or to th 
general, sufficient heat to fuse a large area cannot be ; well as the long time | 
erated at the weld without expelling moltet etal will be unstable, asin at thi , 
less a correspondingly large restraining force is applied energy generated at t t 
spot by the welding electrod« Thus to merease between iusion taking or not 
preciably the shear strength of a weld it becomes neces d Veld Meial Structurs 
ry to increase both the welding current and the welding cast zone which constitutes the w ll 
sure As increase 1n the welding pressure takes plac« lesired to be as free from porosit 
e pressure density in the electrode tip may increase to a In general, the factors t 1 t 
t where permanent deformation at the electr e U1 po ity are the ni which 1S¢ t é 
the material being welded may take place due both to rapid thermal rise inside the weld, or g] 
high-pressure density and also to the surface heating rate of cooling, or an improper ba t the 
used by the excessive current density at the point of mechanical forces acting on the we 1 ter 
ntry of the welding current into the material. It the: fusion. They can be summarized a low 
ecomes necessary to increase the area of electrode in co1 tiet ; 
4 First-——excessively high rate of w rise 


Second—welding current exce 
- and short in durati 
7] 


geology hird—insufl Idi 
. +4 il ( nsullicient we ne pre 
hus the steps required to increase the weld volume a 
: flow of current or immediate 


| through it the shear strength of the weld can be sun aa 


1 
iT zed as ollows 
: oo Fourth—insufficient coolu 


ct with the work and thus decrease both the pressur« 
nd current densities at the point of entry of current int 


First—increase in the magnitude of welding current the welding electrodes durt 

Second—aincrease in the magnitude of the welding force b Bletisdtle duos tee made bate 
ind further increase in the magnitude of welding a ee ens 
curren 

Chird—increase in the area of the electrode surface 
contact with the weld with further increase of both 
welding force and current 


bin 


excessively rapid generation ol 

Sullicient torce applied to the outside 

trol the internal force of the « me 

which results usually in actual expulsi t a part 

of the molten metal from th 

In materials where the electrical and the heat co cavities and cracks in and thr 

uctivities of the electrode and of the material welded ar¢ tion where improperly timed or insu ' pre 
ipart, lengthening of the time of current application sure is applied to the weld alter 
; substantially the same effect as increasing its magni it the time of the solidification of met ‘ 

ile However, in materials such as aluminum alloys what ap 

vhere the conductivity of the electrode and of the weld Che f 


1 


etal are compat iti ely nearly equal, the len 


pears to be shrinkage cr 
irst phenomenon 1s well k \\ 
thenin 


9 ill metals. It can usually be re 
ione of the time of application of current beyond certain ing the magnitude or the rate 
ther narrow limits does not increase to any appreciable rent, or by increasing weld 
tent the volume of the weld. This tendency is particu weld 
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The second, typical of aluminum alloys, 1s less well 
understood and requires a rather fine balancing between 
the magnitude of the welding pressure and of the rate of 
heating of the weld and the zone immediately adjacent 
to the weld. In general, the higher the welding pressure 
it the time of the weld solidification and the slower the 
ite of temperature rise and decay 1n the weld and around 
he weld, the less tendency there will be for cracks. Thus 
the welding techniques utilizing preheat or postheat cur 
rents or comparatively flat current waves, that is, tech 
niques using comparatively long thermal cycle, are freer 
from internal or external cracks. On the other hand, 
welding techniques utilizing very rapid temperature rise 
in the weld with an extremely steep temperature gradient 
between the surface and the inside of the weld, are more 
susceptible to formation of weld cracks and porosity. 


t 


In general it is also true that higher welding pressure 
densities (electrode force per unit area of the weld) will 
produce welds with less tendency for cracks and porosity 
However, the high-pressure density must exist as soon as 
solidification of weld metal begins to take place, and in 
techniques using low pressures during fusion and high 
pressures after fusion, the timing of the application of 
high pressure is as critical as its magnitude, too late an 
application resulting in cracks and porosity. 

(e) Heat-Affected Zone Around the Weld.—The extent 
of the heat-affected zone around the weld proper, that is, 
of the partially fused wrought alloy surrounding the cast 
structure of the weld itself, depends to a large extent on 
the rate of temperature rise within a weld since it repre- 
sents the effect of the heat conducted away from the 
weld proper or generated in the metal around the weld 
and not utilized in the transformation of the weld struc- 
ture from wrought to cast metal. Accordingly, any 
welding technique which tends to slow down the rate of 
temperature rise in the weld and to diminish the tempera- 
ture gradient between the weld and the surrounding ma- 
terial will result in the formation of the more extended 
and more severely heat-affected zone than the technique 
where the rate of temperature rise is exceedingly fast and 
the ratio of the total heat energy generated at the weld 
to the energy actually required to make the weld is low. 





Fig. 15—-Showing Extent of Heat-Affected Zone at the Edge of 

the Weld with Lines of Copper Precipitates Extending Out- 

wards from the Weld and Parallel to the Plane of the Weld 
Keller's Etch. X 40 
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Fig. 16—Distribution of Weld Symmetry with a Flat and Dome 
Electrode. Material of Both Pieces Assumed to Be the Same 


Thus the heat-affected zone in conventional A.C. welds 
is usually considerably greater than on single impuls: 
welds and similarly welds made with preheat or postheat 
current exhibit a greater heat-affected zone than welds 
made without these currents. 

(f) Weld Penetration.—The extent of weld penetrati 
is usually a direct function of the magnitude of the cur 
rent used at any one pressure. Thus an increase in weld 
ing current and to a lesser extent of the duration of th 
welding current will increase the thickness of the weld 
casting provided the pressure is held constant. Althoug! 
from a structural point of view it is possible that increas¢ 
in weld penetration may actually decrease the shear 
strength of the weld, particularly in welds with weld 
diameter of such magnitude as to cause failure through 
the periphery of the weld, a welding technique suitabk 
for production of shallow welds with the total weld thick 
ness of less than 30° of the combined thicknesses of the 
parts joined is seldom satisfactory in production as 
it is very sensitive to any variation in the welding process 
and is apt to produce occasional welds of very low 
zero strength. 

(g) Weld Symmetry.—Two forms of weld symmetry 
exist; first, symmetry in the horizontal plane of the joint 
and, second, in the vertical plane of the joint. The sym- 
metry in the horizontal plane of the joint will automat: 
cally result with the use of symmetrically shaped ek 
trodes and with uniform resistance between the surfaces 
being welded. Similarly, a non-uniform or irregularly 
shaped weld can be usually attributed to either irregu 
larly shaped contour of the welding electrode or to in 
proper surface preparation of the material. 

The weld penetration in the vertical plane of the weld 
is a function of the surface contour of the two electrodes 
and of the relative thickness of the parts welded. It is t 
some extent also a function of the contact resistance 
the surfaces being joined. 

In general a deeper weld penetration will result in th: 
sheet in contact with a smaller or more sharply domed o! 
the two electrodes provided the two thicknesses bein 
welded are equal and provided the resistance of the tw 
thicknesses is the same. If the electrode contours are th« 
same a greater penetration will take place in the thicker 
of the two outside thicknesses being welded and also 1 
the one possessing highest resistance. It will thus be 
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Fig. 17—Distribution of Weld Symmetry with a Flat and Dome 
Electrode. Material of Both Pieces Assumed to Be the Same 
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Fig. 18—Distribution of Weld Penetration with Two Equal 
Dome Electrodes 


seen that it becomes impractical to weld with the dome 
point applied to the thicker of two outside thicknesses 
when the difference in thickness becomes appreciable, for 
instance three to one or more. (See Figs. 18 to 19. 

(h) Electrode Pick-up and Surface Burning and Dis 
coloration.—Excessive electrode pick-up is usually caused 
by factors other than those of welding technique proper, 
such as improper surface preparation, improper electrode 
cooling or excessive skidding of the electrodes across the 
weld surface during the formation of the weld. However, 
any factor which tends to increase the amount of heat 
which the welding electrode has to conduct away from 
the weld will also tend to increase the electrode pick-up 
ind thus decrease the useful life of the electrode. Thus 
welding techniques which tend to slow down the rate of 
temperature rise in the weld and thus increase the amount 
i heat which has to be conducted away from the weld by 
the electrode will have a tendency to cause a greater elec 
trode pick-up than welding techniques which are based on 
very sharp temperature rise in the weld and a compara 
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tively small loss of heat energy through the welding ele 
trode 

The shape of the welding electrode, of course, and the 
conductivity of the material are also of paramount im 
portance since any reduction in the cross section of the 
former and any decrease of the latter will have the same 
effect as increasing the amount of heat which the elec 
trode has to conduct away, namely, in increasing the 
electrode temperature at the surface of the weld and thus 
increasing the electrode pick-up 

The surface burning and discoloration of welds are 
caused primarily by the same factors as excessive ele 
trode pick-up, though, of course, welding techniques re 
sulting in 100% or nearly 100° penetration will always 
cause surface burning. Surface discoloration and even 
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Fig. 19—Distribution of Weld Penetration with Two Equal 
Dome Electrodes 











Fig. 20—Causes of Excessive Surface Indentati 



















































burning are frequently caused by dirty or improperly 
cleaned electrodes operating at excessively high tempera 


ture In extreme cases particles of electrode material 
may be even deposited onto the surface of the weld 
(7) Surface Indentation A certain minimum of sur 


face indentation, caused by the shrinkage of weld metal, 
is unavoidable and must be expected if true fusion is to 
take place Che extent of this minimum indentation is 
directly proportional to the total thickness of the welded 
section and should not exceed approximately 5°% of the 
total thickness. This 59) or minimum indentation may 
be divided equally between the two outside surfaces or 
may be largely confined to one surface, the other surface 
being correspondingly but never completely free from in 
dentation, depending on the gauge combination joined 
ind on the welding technique used 


Considerably greater indentation may be produced by 


( 


First—any welding technique where improper pressure 

current balance causes expulsion of weld metal from 
the weld in the form of internal flash or spit 

Second—improper electrode contour preventing appli 
cation of sufhcient pressure to the parent metal 
around the perimeter of the weld in the plane of the 
joint, and permitting plastic flow of metal into the 
space between the faying surfaces 

lhird—excessive heating of the outside surface or 

surfaces of the parts joined, permitting plastic flow 

ot metal from under the electrode face 


Che effeet of both the first and the second condition is 
to transmit the metal from the weld into the space be 
tween the faying surfaces and thus actuallv to decrease 
the cross section at the weld. 

Che first condition will, of course, also produce severe 
blowholes and usually surface cracks, and may in ex- 
treme cases produce deep pits or craters in the middle of 
the weld indentation 


The second condition also invariably produces con 


siderable sheet separation which further aggravates the 
surface indentation by increasing the cross section of the 
joint outside and between the welds. It is usually caused 
by electrodes with too small a face or too sharp a radius 





>) eS T 
Fig. 21—-Causes of Excessive Surface Indentation 
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for the diameter of the weld made or, since this 
depends on both current and pressure, for the mag 
of the current and pressure used. Such electrod 
quently also produce excessive surface heating 
excessively high current density at the contact 
between the electrode and the metal, and thus t) 
ond and third types of surface indentations 
quently found together. (See Fig. 20 

Che last condition may be caused by any of the 
factors contributing to excessive surface heating 
is poor electrode cooling, dirty or improperly 
electrodes, excessive current and pressure density 
electrode face, etc 

Flat electrodes will almost invariably produce 
surface plastic flow, unless, of course, the diameter 
face is very much greater than that of the weld, or 1 
the angle of approach to the face is very small 

Chis tendency of the flat-faced electrode is very 
aggravated by even the slightest misalignment betw 
the electrode and the surface to be welded, as any 
misalignment will sharply reduce the contact surfa 
tween the electrode face and the part welded and 
considerable surface heating. (See Fig. 21. 

k) Sheet Separation.—Excessive sheet separati 
when it is not caused by factors outside of the wel 
technique such as poor fit of parts joined or insufi 
width of flanges or overlap—can be usually attribut 
the causes responsible for excessive surface deformat 
is described in the preceding section. In additior 
some cases it can also be caused by extremely high p: 
sures at the time of fusion. This is particularly tru 
case of annealed alloys or pure aluminum. In 
soft metals are much more susceptible to surface sep 
tion and should be welded with lowest possible pres 


7 


~ Cit 


Chis is not surprising when we consider that though 
expansion force of the weld metal ig very nearly the 
for soft as for hard metals, the ability of the parent n 
around the perimeter of the weld to resist that fore: 
escape plastic flow is very much less. 

l Weld Flashes and Spits. In general, the 


‘ Ack 


contributing to formation of cracks in the welds will 
tend to contribute to both internal and external spit 
flashes though for a slightly different reason 

Che internal flashes can be divided into two types 

The first is the type causing severe cavities and 
ternal cracks, where an appreciable part of the fu 
metal is expelled from the weld because the welding f 
is insufficient to provide weld-pressure-tight seal ar 
the molten pool of the weld 

The second is the type caused by presence of som« 
sistance-raising substance on the surface through wh: 


the current passes which produces an extremely hig 
temperature in a comparatively limited area of the wel 


resulting in the actual local vaporization and explosiot! 
the metal at that point. This tendency to form a lo 
surface hot spot is again more pronounced when 
general rate of temperature rise in the weld is very hi 
since the difference in temperature between the local | 
spot and the rest of the weld has less time to equal 
than when the rate of temperature rise in the weld is « 
paratively slow. This same reasoning applies to the « 
ternal flashes which are again largely caused by prese! 
of some local resistance raiser which tends to incré 
the temperature of one particular spot on the suri 
very much above the surrounding temperature. 

The use of preheat current appears to further minim: 


the tendency to spit or flash, by its apparent tendency 


reduce or at least equalize to some extent the surface 
sistance of aluminum alloys 

The best remedy for the flashes, of course, lies in 1 
provement of surface preparation 
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Distortion due to welding is usually 


istortion 
ither by the shrinkage effect of the weld material 
release of the locked stresses normally present 
1eets due to an appreciable heating of the sheets 


velding 
st type can be overcome to some extent by mak 
welds in a certain staggered sequence placing 


tive welds as far apart on the joint as is practical, 
proper jigging to oppose the greatest possible 
force to the individual pull of each spot weld 
tain extent it can be minimized by increasing th 
ind decreasing the volume of the weld 
rected at the completion of the welding opera 
stretching the metal in or around the welds to re 
e stress locked in the welds Whenever pe ssible 
best accomplished by rolling the joint 
steel rolls wide enough to span the rows consti 
ie joint and exerting 1000-1500 Ib 
‘ond type of distortion, caused by excessive heat 
the parts during welding, can be overcome by 1n 
the rate of temperature rise inside the weld and 
ising the heat absorbed by the parts being 
led. Elimination of preheat current and increasing 
current will be of material assistance 
ilso be minimized to some extent by proper stag 
yperation and by decreasing of the rate of welding 

ther common source of distortion is excessive d 
if the welding electrodes. When the electrodes 

e together on the sheet, lateral motion of the ele 
les which would normally result from deflection of the 
lectrode arms or from play in the pressure mechanism is 
ted by friction between the sheets and the electrodes 
lowever, when the weld is made the molten weld metal 
loes not offer sufficient frictional forces to hold the sheets 
gether against lateral motion and usually one of the 
sheets will slide over the other one and will be welded in 
distorted position. Obviously the extent of sliding of 
the sheet 1s limited only by the amount of the deflection 
the electrode and in case of parts already joined to 
ther by the stiffness of the sheet span between the weld 
eing made and the nearest point of attachment. With 
extensive electrode deflection this form of distortion can 


T 
it 


retching 1s 
tl pressure 


Sé 


1eCcT¢e 


te ol T1is¢ 


t 


h + 


e severe 
lhe type of distortion due to deflection of the weld 
ng electrodes can be minimized to a great extent by 
jualizing the amount of lateral motion of the electrodes 
improving the stiffness of the electrode holders and by 
lecreasing in general the play in the electrode arms and 
their deflection. It can also be minimized by rigid jig 
g of the parts and by adapting a weld sequence which 
ill distribute the distortion uniformly over the whok 
welded. 
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Section IV—-Methods of Testing 


General 


lhe purpose of standard spot weld tests is determina 

i, quantitative or qualitative, depending on the type 
i test, of the physical properties of spot welds. 

Che properties of spot welds which can be determined 

standard tests are as follows 


Structural strength. 
Structural strength consistency 
Weld penetration 
Weld metal structure. 
é Depth of spot weld indentation 
') Surface separation. 
Che following tests are intended and shall be used for 
determination of the above properties. 
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a Sie P le 

The structural strength of a spot we 
termined by the Shear Pull Test 

Chis test shall consist of pulling in t 
tion on a suitable testing machine of three 


each test specimen obtained by 
of metal and 

In ca if welds made be 
combinations, the 
idjacent 
idjacent 


+} 
Lii¢ 


joining them by 


i single spot weld 
tween three 
strips shall be tested in tension b 
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In case of combinations of unequal thickness« the 


dimension of the thicker strip may be reduced 
mensions of the thinner of the two strips 

In case of specimens of three-ply combinati 
of unequal thicknesses, the width of the strips use 
not be less than given in Fig. 22 except that the w 
the thickest strip may be reduced to the width of tl 
thickest strip Thus in case of a three-pl 
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ty Lil 
shown on Fig 


23, the width of the 0.064 strip may 
duced to the width of the 0.040 strip 

The length of the adjacent strips to be pull 
three or more ply specimens shall not be less that 
Fig unless they are of unequal thickne ‘ 
length of the thickest 
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Fig. 23—-Three-Ply Specimens for Shear Pull Test 


thinnest. However, the lengths of the strips other than 
the ones being pulled must be reduced sufficiently to per 
mit unobstructed gripping of the strips being pulled but 
not less than their widths, as given in Fig. 22. 

The standard shear pull test shall consist of pulling to 
destruction of three test specimens for every joint com 
bination tested. The average of the three specimens 
shall be considered as the result of the test, provided that 
the difference between the strength of each specimen and 
the average of the three is not over = 10% of the average. 
In cases where.the strength of any one specimen is more 
or less than 10% of the average, this average shall not be 
considered as indicative of the strengths of the welds 
tested, and the test shall be considered as invalid. 


3. Strength Consistency Test 


The consistency of structural strength of spot welds 
shall be determined by the Strength Consistency Test. 
This test shall consist in pulling in tension to destruction 
on a suitable testing machine 25 test specimens obtained 
by lapping two pieces of metal, joining them by a single 
row of 25 spot welds placed side by side at a predeter- 
mined spacing and then cutting the joined pieces into 25 
equal parts at right angles to the row of spot welds. 

It is recommended that the cutting of the panels of 
0.30 in. thick and heavier material into individual test 
specimens be done by means of a band saw or any other 
suitable sawing process rather than by means of a square 
shear or similar shearing operation since the shearing 
operation may damage the weld and in extreme cases 
actually reduce its strength before any test is conducted. 

The dimensions of the joined pieces and the spacing of 
spot welds shall be such as to produce 25 specimens 
identical in all respects to the specimens used in shear pull 
test. (See Fig. 24.) 

In case of three or four ply joints only the weld be- 
tween one outside strip and an inside strip need be tested. 

The test of the individual shear pull specimens shall be 
conducted in the same manner as in case of Shear Pull 
Test described in the preceding section. 

The average strength of the 25 single spot specimens, 
that is, the value obtained by adding together the 
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strengths of all specimens and dividing the result 
shall be considered as the average strength of the tec 
The difference between this average strength an 
individual strength of a single spot specimen, divid 
the average strength and multiplied by 100 shall b 


sidered as the percentage deviation of that particular spo 


weld from the average of the test. The four spot 
exhibiting the greatest percentage deviation shall be 
sidered in a group by themselves irrespective of 
order during welding. The two welds giving, respect 

the greatest + and — % deviation shall be consider 
as representative of this group. The remaining 21 weld 
shall be considered as another group and the two s 


welds of this group exhibiting, respectively, the greatest 


+ and — % deviation shall be considered as repres 
tive of this group. 


4. Weld Consistency Check Test 


This test shall not be regarded as a substitute for t 
Strength Consistency Test, nor shall its results bs 
sidered as equivalent to the results of that test. 

This test shall be regarded as a method of approxin 
determination of the general consistency of the weldi: 
process, to be used primarily for detection of seri 
flaws or variations in that process. 

This test shall consist of pulling apart of 15 spot v 
with the destructive force applied at one end of the 
men containing the welds at right angles to the pla 
the weld and transmitted successively from one wel 
another by the failure of the preceding weld, as show: 
Fig. 26. The specimen thus tested shall consist of 
or more strips of metal lapped together and joined by 
spot welds placed approximately along the longitudi: 
center of the strips and spaced approximately in acc 


ance with the fabricator’s requirements for the particula: 


gauge combination used. It is fecommended that t! 
width of the specimen be the same as the minimum widt 
required of the shear pull specimen, but narrower widt 
may be used if desired for purpose of economy provi 
that the strength of the strip is sufficient to prod 
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Fig. 24—Strength Consistency Test Specimen 


For dimensions L and w see Fig. 22 
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Fig. 25—-Weld Penetration Test 


failure around or through the weld rather than across the 


strip 

’ After the destruction of the welds, the diameter of each 
weld button should be measured with a micrometer and a 
record made of all button diameters deviating more than 
the permitted amount from the average diameter of all 
buttons. In case of welds which failed by the failure of 
weld metal through the plane of the weld rather than 
through the parent metal around the periphery of the 
weld, the diameter of the weld casting shall be recorded 


Weld Penetration Test 


This test shall consist of a visual examination of a 
cross-sectioned specimen obtained by lapping two strips 
of metal and joining them by a single spot weld through 
the center of the strips. The dimension of the original 
specimen in any one direction in the plane of the joint 
shall not be less than the width dimension of the specimen 
for the Shear Pull Test as given in Fig. 22. 

Che specimen after welding shall be cross-sectioned at 
right angles to the plane of the joint in such manner as 
to show on the half of the weld to be examined a section 
is nearly through the center of the weld as is practically 
possible. The sectioning operation and the preparation 
of the specimen for visual examination shall be con 
ducted by any suitable means which will result in a 
finished surface sufficiently fine to permit observation of 
the line of demarcation between the cast structure of the 
weld and the wrought structure of the parent metal 
when subjected to suitable etch. However, the following 
procedure is recommended. Scribe a line on the surface 
of the weld bisecting the weld indentation. Rough cut 
with hack saw or do-all saw well outside the scribed line 
Bring to size on a mill file, preferably by moving the 
specimen over the stationary file. Remove file marks by 
passing lightly over medium or fine grade of emery cloth. 

Any suitable etching medium may be used, but the 
following is recommended: 


Aluminum Alloy 
24S, 17S, 61S 


Etching Medium 
Standard Keller's Etch (1% HF, 
1.5% HCl, 2.5% HeNOs, 95% HO) 
928, 538, 28,3S  '/2% HF Acid Solution 
The penetration of the cast weld metal into the parent 
metal shall be measured with a decimal ruler marked fin 
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0.010 or Tit 
low power microscope if Cast of doubt 
The ©, ratio of the dimension obtained | ubtracting 


0.020 of an inch or by meat f a graduated 


the distance between the outside surface of the sheet 
and the beginning of the cast weld metal from the total 
thickness of the sheet, to the total thickness of the sheet 
shall be considered as the percentage penetration of 


the weld into that sheet, as illustrated in Fig In 
case of dumbbell or irregularly shaptd welds, both the 
maximum and minimum penetration shall be measured as 





illustrated in Fig. 25 and considered as appli to the 
weld in determining the weld quality 
6 Weld Metal Structure Test 
[his test shall be substantially the ume as the Weld 
Penetration Test with the following excepti Che 
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Fig. 26—Weld Consistency Check Test Specimen 
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length of the pieces lapped shall be such as to permit 
placement of three spot welds at the same spacing as 
prescribed in production for the gauges and parts joined 
Aiter sectioning, the three specimens shall be mounted 
by suitable means in lucite or equivalent supporting 
medium and shall be polished to a degree suitable for 
micrographic examination 

Che polishing and etching technique shall be in a 
cordance with the latest recommendations of the Alumi 
num Company of America for the particular alloy used 
and shall be such as to clearly show all voids, cavities and 
cracks in the structure of the weld For detailed in 
structions in the technique of polishing and etching of 
cross-sectioned spot welds see N.A.C.A Report No. 6 
of the Spot Welding Investigation at Rensselaer Poly 
technic Institute It is recommended that the method 
ind te hnique described in this report be followed 

[he visual examination of the finished specimen shall 
be conducted by means of suitable microscope capable 


1) 
id sizé 


of not less than K 20 magnification The shape al 

of the weld structure, the presence of all defects and the 
; 1] . ] ] 

size of all severe crac] ind cavities as well as the ex 

tent or severity of the heat-treated zone shall be re 

corde 

7 Weld Indentation Test 


This test shall consist in examining by means of 
suitable surface dial gauge the depth of indentation 
caused by spot welds of a test specimen obtained by lap 
ping two strips of metal and joiming them by three spot 
welds he dimensions of the specimen and the weld 
spacing shall be the same as in case of Weld Metal 
Structure Test Specimen 

For the determination of the depth of the weld in 
dentation, the specimen shall be bolted down to a suit 
able surface plate and the contour of the weld surface 
explore d with a suitable surface dial gauge Che depth 
of indentation of a spot weld shall be considered as the 
difference between the lowest point on the surface of the 
weld indentation that can be measured with the dial 
gauge and the surface of parent metal immediately ad 
jacent to the surface of the weld 


Section V-Inspection 


Che purpose of inspection of spot welding in aircraft 
is to insure good quality of welding during production 
and on the finished product. 

Standards of inspection shall be such as to give positive 
assurance both to the designer and the ultimate user of 
aircraft that the welding present on aircraft is in a 
cordance with the prescribed standards of quality and 
that all welding produced by the fabricator which for 
some reason may not meet with these standards 1s either 
rejected or salvaged by suitable repairs 

he purpose of this section is to provide a standard 
method for inspection of welding during production and 
to recommend certain inspection procedures and prac 
tices facilitating both inspection and production 


Ins pe nm Personnel 


Since a great deal of spot welding inspection must be 
visual a high degree of skill and experience is required 
irom an imspector 1f he ts to exercise his job with ef 
ficiency and dispatch. For this reason it is recommended 
that inspection of spot-welded assemblies and spot weld 
production be made a full-time job and that the inspec 
tor or mspectors assigned to this task have no other 


duties. This will permit the inspector or inspectors to 


ontinually improve their knowledge of welding | 
nd quality and will materially reduce the cde 
production due to inspection 

lhe execution of routine tests prescribed by i 
standards imposes considerable duties on the 
inspector irrespective of the quality of the weldi 
duced by the equipment for which he is resp 
It is desirable that his assignment is such that hi 
is not fully occupied in conducting routine te 
that he may have considerable time free from 
duties, during which he should be free to obse: 
operation of the equipment, its personnel, and the 
functioning of the welding department and 
operator or supervisor in advisory capacity at 
Sign ol incipient trouble 

An tuspector should have excellent eyesight 
should be thoroughly familiar with the Standards 


1 


welding requirements as established by his ow 


i 


pany, by the users of aircraft and by these Sta 
and Recommended Practice 

He should have had preferably some actual exy 
in shop welding practices and fabrication. It 1 
able that he shou 


ld have some technical educatio 
should have at least a fundamental und 


mental erstal 
the principles involve spot welding of alu 
alloys. He should be thoroughly familar wit 
operation of the welding equipment, for the qual 
the output of which he is responsible and he shx 
capable, ii necessary, to point out to the operator 
welding supervisor such obvious mistakes as a1 
perienced or poorly trained operator may be expe 
commit 

An inspector should be thoroughly familiar wit 
principles governing the relationship between the 
ing technique and the resultant quality of the 
and he should also be familiar with the system « 
ing schedules as used by the production depart 
though his responsibility should not extend t 
enforcement of the use of the proper schedul 
operator 

An inspector's mentality should be such that hi 
regard himself and his job as one where the ulti 
quality of the product can be best secured by his cheet 
and helpful cooperation with the entire productio: 
partment personnel and his capacity for constru 
rather than destructive criticism, and that cor 
failure of the production department to produce 
satisfactory to him m iy bea reflection on his own a 
as well as on factors beyond his control 

It is, of course, needless to state that the spot wel 
inspector shall be responsible only to the proper in 
tion department of the plant and not to the wel 
supervisor or welding engineet 


3. Duties of Inspector 


One of the first duties of the inspector is to satisfy 
self with the operation of the spot welding equipm« 
His interest in the operation of the equipment, howe 
should not extend beyond checking the results as 
duced by the equipment though his knowledg: 
process should make him helpful in criticizing or 
gesting any changes in the actual operation of the « 
ment itself 

It shall be the responsibility of the spot welding 
spector to see that every piece ol new welding ap] 
tus has been properly qualified for the job for which 1f 
intended, by conducting proper machine qualificat 
tests, as soon as the apparatus 1s ready for pro lucti 

It shall also be the duty of the inspector to satisfy h 
self that the surface preparation process is function! 
satisfactorily and that proper inspection « 


f this proc 
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ted by the personnel assigned to this task, and 
ttention of the welding supervisor and the weld 
eer if he believes variations exist in the opera 
lis process, affecting the quality of the welding 
ill be the duty of the inspector to famiuliarize 
with the drawings of the parts to be welded be 
in order that he may be thoroughly familiar 
purpose and the function of the welding used in 
these parts. Although the matter of welding 
not part of the inspector's responsibility he 
iraw to the attention of the welding engineer or 
uperiors any details of design which, based on his 
ive and experience, would tend to make weld 
good quality impossible or difficult in production 
ill also be the duty of the inspector to assure him 
it the parts are joined by welding in accordance: 
he intent of the assembly drawings, including 
location of component parts, and the number, 
ind spacing of welds 
two primary duties of a spot welding inspector 
be in assuring himself that the spot welding equip 
nd operator are continually producing welding 
quality and in inspecting the finished prod 
issure himself as far as such inspection permits 
contains no defective welding which might have 
unnoticed by him in production 
ugh these two duties are sometimes divided be 
different inspectors it 1s strongly recommended 
they be combined in one man and, furthermore 
the inspection of the finished parts or assemblies 
mducted as soon after their completion as possi 
rder that any trend to defective welding as evidenced 
the completed part may be discovered and checked 
the earliest possible time 
It shall also be the duty of the inspector to observe 
much as is compatible with the execution of his 
mary duties, the production of welding under his 
ge in order to help prevent the operation of all 
uipment which is producing welding obviously defe 
e to a visual observation, even though the productiot 
uch welding is not his responsibility 
Further duties of the inspector shall be to keep com 


et 


e records of all tests conducted by him in the course 
his duties, to stamp inspected parts with his personal 

tamp 11 satisfactory, to keep comple te records of all w 
tistactory finished parts and to cooperat with the 

duction and engineering departments in the salvag: 

the rejected parts whenever possible 

Standards of Inspection 


] 11 


general, the standards of inspection shall be such 


; 


o insure that all welding shall be of good quality as 
ined in Section I of these Standards More specif 
lly, the following shall be followed 


Qualification of New Equipmen Before 
velding equipment of a make, type or rating different 
f the welding equipment already in service is place 


peration on any customer’s work, the spot welding 


spector shall conduct the following test 


Shear Pull Test, for every metal and every gaug 
combination that the machine is intended t 
weld in productior 

Strength Consistency Test, for ever et 
in the following gauge combinations t th 
machine is intended to weld in product 

Chinnest gauge to thinnest gauge 
Chickest gauge to thickest gaugs 
Thinnest gauge to thickest gauge 

Weld Metal Structure Test for every metal a 
gauge combination that the machine is 1 
tended to weld in production 
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in the welding process have been made to enable it t 
pass the Shear Pull, Weld Penetration and Weld Con 
sistency Check Tests 

d) Additional Production Inspection In both the 
set-up and production inspections it shall be part of the 
inspector's duties to satisfy himself that the strips pro 
vided for Shear Pull Test have the same physical proper 
ties as the parts welded, such as gauge thickness, chemical 
composition and ultimate strength, are cold worked or 
heat treated to the same hardness as the parts welded, 
ind have received preparation as the 
parts welded 

He shall furthermore satisfy himself to the best of his 
ability that the Standard Shear Pull Test as conducted 
by him is characteristic of the welding conducted on the 
finished part. In case of some parts it is possible to 
utilize a portion of the part neither visible from the out 
side nor structurally important on which one or two welds 
may be made and tested to destruction by twisting or 
prying the parts apart without in any way damaging the 
usefulness of the parts. In such cases the inspector 
should do this at each set up and production test 
Whenever this 1s impractical, the inspector should test 
the second or third weld made on the part welded after 
the set-up and production tests by means of a thin steel 
knife not over 0.020 in. thick inserted between the lapped 
parts alongside the weld in such fashion as to exert a 
direct tension force upon the edge of the weld, taking care 
that at no time should the force exerted by him be suf 
ficient to cause appreciable plastic deformation of the 
metal alongside the spot weld. In all conditions the 
weld should be capable of sustaining such loading without 
fracturing 

(e) Inspection of Finished Parts.-It shall be the 
duty of the spot welding inspector to inspect visually 
every spot weld on every part or assembly for which he 
is responsible and to assure himself that their general 
quality is good as defined in Section I of these Stand 
ards. In addition to this he shall assure himself that the 
welds exhibit sufficient structural strength to withstand 
such loadings as may be applied to the part or assembly 
manually by bending or twisting the part without ex 
ceeding the elastic limit of any section of the part or 
assembly. In case of doubt he should also test occa 
sional welds by the pry method described in the preced 
ing section (d) 


the same surface 


5. Disposition of Unsatisfactory Welding 

The disposition of parts or assemblies containing 
welding whose general quality does not meet the re 
quirements prescribed for good welding in these Stand 
ards shall be in accordance with the procedure estab- 
lished by the individual fabricator for this purpose. 
Since such disposition is influenced to a very large ex 
tent by the service for which the parts or assemblies are 
intended as well as by the type of defect, it is impos 
sible to prescribe any general procedure for disposition 
of parts joined by unsatisfactory welding. 

Only general suggestions and recommendations can be 
given. 

Thus excessive indentation on surfaces exposed to air 
stream may be usually corrected by proper cold working 
of the welds unless the nature of the assembly or part 
is such as to render such cold work impractical or in 
effective in which case the disposition of the part may 
have to be determined by a mutual agreement of the 
customer and the fabricator. 

The presence of welds with cracks extending to the 
surface of material or of welds exhibiting excessive quan 
tity of flashes or spits, beyond the tolerances permitted 
for good welding can be corrected either by placement of 
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welds alongside each defective weld or by drilling « 
defective welds and replacing them with suitable ri Table ! 
or the part may be scrapped. The exact proce 
this case should again be a matter for the indi 
fabricator to determine, depending on his particul 
ditions and the type of aircraft or part he is mai 
turing, though these defects, in general, should not 
on a finished part very often as their occurrenc 
be normally detected while the part is being weld: 
should be corrected before sufficient number of wel 
this defect can be placed on the part to conde: 
general quality of the welding on the part 

All parts exhibiting structurally weak welds « 
low or zero strength, should be rewelded, prefera 
placing new welds between the original welds 


Section VI—Design 
At 
I. General 
Spot welding, when considered from the point ot a ted 
of design, is mérely one of the many structural ele1 av 


at the disposal of the designer, and which can be us: 
him in a great variety of ways, depending both up 
purpose of structure and on his particular theor 
design. It would be obviously presumptuous t 
tempt to dictate or even to advocate here any one ty; a 
or method of design as superior to others. 

There are, however, two aspects of spot-welded dé 
which should be presented to the structural engineer t siren 
assist him in a better understanding of the peculiarit aEeSy 
of spot welding as a method of joining. = 

The first aspect is that of the physical properties — 
spot-welded joints. A structural designer has a right t 
know and can rightfully demand the unit strengths wl 
can be expected from a joint made by any one proc 
when subjected to various types of static and dyna 
stress. In a method of joining such as 
welding, which is composed of a number of indivi 
points of attachment, he has a further right to expe 
knowledge of the best or the most efficient pattern or ae 
combination of individual points of attachment for : 
desired strength of the joint wr. 

It is unfortunate, however, that this aspect of s] 
welding is still in the course of development and very met 
little, in the way of definitely established facts, is now 
available. Accordingly, only the barest essentials of this 
subject can be presented at this time. — 

The second aspect of the spot-welded design is basi pie 
primarily on the fact that the chief advantage of s; 
welding as a structural element is its comparative ¢« 
and rapidity of production. This characteristic, hov 
ever, is contingent upon adherence to certain simple rules 
of design, the word design here applying primarily 
the details of the joint used. Thus, as will be seen later 
a comparatively minor difference in the detail of a joint 
may spell the difference between making the joint esse! 
tially easy and suitable for spot welding or extremely di! 
ficult and expensive. This second aspect of spot-weld: 
design deals then primarily with furnishing the stru 
tural designer with the facts regarding the scope 
limitations of spot welding in so far as its ability to } 
rapidly and cheaply is concerned 





case of 


2. Structural Properties of Spot Welded Joints : , 
As stated above, reliable information on this subject 
sadly lacking at this time although it is hoped that var 
ous investigations now under way, will produce positi\ 
results in the near future. 

A spot weld develops its fullest strength when su 
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Table 10—Theoretical Weld Spacing Necessary for 100% 
Efficient Joint 


All dimensions in inches 
24ST Alclad Alloy 
rheoretical No. of 


Lb. per In. Spot Welds per In. Theoretical Theoretical 
Parent Required for 100% Spacing, Spacing, 
Metal Efficient Joint* 1 Row 2 Row 
1000 7.15 0.140 0.280 

2 1240 7.10 0.141 282 
? 1550 6.60 0.151 0.302 
9 1985 6.20 0.161 0.322 

2480 5.80 0.172 0 344 
2790 5.60 0.178 0. 35¢ 
| 3160 5.25 0.190 0 380 

64 3970 + 40 0. 297 0.454 

7 1460 1.25 0.235 ) 470 

x] 5020 3.70 0.270 540 


\t minimum strength spot welds as shown in Fig 


ected to shear load. The individual limits of the shear 
| which a good spot weld can carry are given in Fig. 3, 
ind the designer can demand any reasonable strength 
a spot weld within these limits. However, the 
lding technique and process required to produce spot 
welds of different strength, even when they lie within the 
imits of good spot welds, may vary considerably and 
thus it is generally impractical to call, in any one organi 


ition, 





lor more than one or possibly two minimum 
strength requirements for any one gauge combination, 
rrespective of the structure considered 
In establishing a definite minimum shear 
equirement, a designer must bear in mind 
individual weld not necessarily 
produce the strongest joint, and, therefore, to merely de 
ind the strongest individual spot weld without cor 
relating that requirement with a definite 
pattern is often pointless. 


strength 
that the 
strongest 


spot does 


spot weld 
Whenever spot welds are used for joining two parts 
which are subsequently stressed in such manner as to 
place the joint in tension and the individual spot welds 
shear, as would be, for instance, true in case of spliced 
wing skins, the objective usually is to secure a joint whos« 
ultimate strength is equal to or superior to the parent 
metal. Because of the change from a _ heat-treated 
wrought structure to an annealed cast structure, the spot 
welds on most aluminum alloys are rather weak when 
ompared to the strength of the parent metal. Table 10 
gives an idea of the number of spot welds required to 
produce a joint theoretically 100% efficient It will be 
noted that even when spot welds are placed in a double 
staggered row, the required spacing between the welds 
is still below the practical minimum which can be main 
tained in production. The strength of individual spot 
welds considered in this case was that of the lower limit 
spot welds as given in Fig. 3. Stronger individual spot 
welds may permit the use of wider spacing. However, 
stronger individual spot welds may weaken sheet ef 
ciency, that is, may weaken the sheet itself when 
subjected to tension loading parallel to the line of joint 
and, therefore, may introduce other complications 
As already stated, the optimum spot weld size and 
ittern has not as yet been conclusively determined and, 
lerefore, no recommendation on this subject can be 
ide now. It is clear, however, from analysis of Table 
) that in cases where maximum strength is required in a 


rheoretical strength of a joint containing n welds of 
In actual practice, however, because of the stress concentration, and 
en load distribution between spots, the strength of the joint i nvariably 


each would be 


and is given by the expression kns, where & is always le than unity and 
nversely with both n and 
Factor k is also dependent on the weld pattern and ever nder the most 


wable conditions seldom exceeds 0.90 















































rt quired 


lled upon 


lap joint, two or more rows of spot weld re 

In a great many cases, the spot welds are « 
to join stiffening members such as channels, at gles or 
hat sections to panels or skins, in which cases the spacing 
or pattern of welds is primarily a function of the unit 
stress which the panel is intended to carry and not of the 
individual strength of the welds indicates 
that with good spot welds failure of such stiffened panels 
occurs through the buckling of the between the 
welds, although sometimes after the failure 
severe permanent buckling, individual spot 


| xper>rience 


skin 
ind in case ol 
1) welds may 
g, 
fail adjacent to the buckle 
The spacing of spot welds 
panel combinations is subject to the same 
spacing of rivets, and can be obtained fron 


then in these stiftener 
rules as the 


arious ein 


pirical curves such as, for instance, in Fig. 10-50 ol 
Volume I of Airplane Structures by Niles and Newell 
It has been customary, however, in case of some airplane 
manufacturers, to decrease that spacing m case of spot 


welds by multiplying the rivet spacing by tactors 0./0 


or 0.6066 [here is no indication, however, that this 1s 
necessary, except perhaps as a precautionary measure to 
compensate for possible poor welding 

An important aspect of the structural properties ol spot 
welds is their effect on the tensile strength of the sheet or 
sheets containing the welds This aspect bears close 
analogy to the effect of rivet holes on the tet ile propel 
ties of the sheet In this case it is obvious that the ten 


sile strength of the sheet decreases rapidly a the number 


of holes and the dimensions of the holes are mcreased 
Che sheet efficiency in this case 1s the percentage ratio 
of the strength of the sheet contaim ti irgi 
sheet 

In case of spot welds the definits | heet el 
ficiency is the same, that is, the tensilk trength of the 
sheet containing a row of spot welds to the sheet with 
out them. However, in case of spot welds 1t 1s 1mpracts 
cal to consider a single sheet containing it may, one 
half of a spot weld and for this reason t heet et 
ficiency must be conducted by testing in tension two 
sheets or two strips joined by one or more spot we ld 

Few data are now available regarding the heet el 
ficiency of spot-welded structures In general 1t appears 
that the presence of a spot weld, though im no way com 
parable to that of a rivet hole, nevertheless tends to r 
duce the tensile strength of the sheet or sheet mitaim 
the weld 

UVinimum Practice Spot Weld S ’ kdge D 
tance and Clearance 
The formation of a spot weld requir mooth metal 


Table 1l—A Method of Determining Minimum Weld 


Spacing 
All di ISiONS 1 
Min 
Max Ma Distance 
Weld Surface Min. Pra Between 
(Crauge Diameter Indentation Weld i R 
0 OO 0.14 ()} YO) ( 
0 O20 ) ] yw { 
0. O62 17 4 { 
) (pai 2 ") } ‘ 
M4 22 ) } 
) O51 24 j 
W)4 Phe Q 
)—7> > } yt 
} tT 1 
( iQ ‘ 
) 102 } ) i 
). 125 { 
° Base t re 
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Table 12—Weld Spacing Specified in Industry 












































Consolidated 
Double 





Row 



























All dimensions in inches 
| " ac | a cr 
}016 |.020} .025 | .032| .040] .045 | .051] .064 | .072 | .081 | .091 | .102 |.125 
ne Men set Hesoed Raguad Dui | 
Bell | | 
i — ae a 
: 1.442 1.530] .707] .707] . 65 | .885 | .885/] 1.06 | 1.06 | 1.41 | 1.6 
Distance be- | | 
tween rows 1.221 aa 5 | 2354 | 2354 ~443 | -443 44 53 53 71 ms} 
Sn a oe oe 71 a ae 
Boeing 1-38 |.3 250 | 50 | .62 | .62 | .75 88} 88 
| + Het 
| 








ais 
Te 
| 





——— ee 
































Lockheed 

Single or 

Double Row (St is) 1.5 S of 
Single Row or 

Double Row (Min. ) -38 038 Fi 
Distance between rows Ac 





1-1/4 


88 














rT C4 ele 
Vought-Sikorsky 
























































Primary Structures (sec.St 


ructun 











bs, spacing fpr all 




















- : gaugeb is SA8"for/1 row and 1" ¢ 
Single Row 05 2500 | .500 | 2500} 2500 | .500 | .625]| .625 | .625 | .625 | .625 

Double Row °750 |-750 | .750| .750] .750] .750 1.00 12.00 f.00 f&.00 h.00 

Distance be- j 

tween Rows 625 |.625 | -625 | .625 | e625 | .625 | 2625] .625 | .625 | .625 | .625 | | 























seam welding. 

















touching it. 




















of spot welds is to be avoided. 
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prepared as shown in Table 11. 


























weld being made. 























this disregard can be extended t 








gauges as well 














companies 











in Table 13 
nended 














minimum 





spacing 









represents 


the 


surface, and consequently production of overlapping spot 
welds is not at present practical unless the spot welds are 
produced by means of electrodes in continual contact 
with the metal being welded as, for instance, in case of 


The absolute minimum spacing of spot welds would 
then be a spacing wherein each weld impression would be 
adjacent to the preceding weld impression, but not 
Under practical operating conditions, it is 
obviously impossible to space the welds with absolute 
accuracy, and a certain minimum clearance between weld 
impressions must be provided if occasional overlapping 
Assuming a clearance of 
s in. to */,¢ in., a table of minimum spot spacing can be 


In addition to the above limiting factor, in some weld- 
ing techniques, particularly the ones utilizing a very long 
thermal cycle and when used on comparatively heavy 
gauge combination, difficulty is encountered in appreci 
able decrease in the size of the spot welds due to short 
circuiting effect of the adjacent spot weld on the spot 
With the majority of modern welding 
methods, however, the extent of this short circuiting or 
proximity effect has been considerably reduced. 
general it can be completely disregarded for light gauges 
0.040 and thinner and in case of low conductivity alloys 
such as 24ST and 17ST as well as 525 and 535 alloys 
» medium 


In 


thickness 


Table 12 gives the recommended and minimum per 
muissible weld spacing as now specified by several aircraft 


[It is recommended that the minimum spot weld spac 
ing for average structural design is never less than given 
It must be remembered that the recom- 
minimum 


spacing which can be accomplished under normal prod 
tion conditions without sacrificing operating speed or 
ficiency. 
duce closer spaced welds although this will entail « 
siderable sacrifice of welding speed, and efficiency 


will, in the majority of cases, require special techniqu 
and handling, thus completely defeating the inherent 


In extreme cases it is usually possible to pr 


advantages of spot welding. 


If a spot weld is placed too close to the edge of a sheet 


expansion and contraction forces present in a spot ws 
may force out or bulge the strip of parent metal separ 
ing the spot weld from the end of the sheet which in « 
treme cases may actually split open causing a crack ¢ 


tending from the spot weld radially toward the 


the sheet. 


weaker and cannot be tolerated in any quantity. A 


edge 
Such a spot weld is obviously considerab! 


re 


cordingly, it becomes necessary to provide certain mi 
mum distances between the center line of a spot wel 


and the edge of the sheet or part containing the spot 


weld 


Table 14 gives the minimum edge distances as spect 


fied by several aircraft companies 

It is recommended that for average structural desig 
the minimum edge distance between the center line 
spot weld and the edge of the sheet be not less tha 
specified in Table 13 

As in cases of weld spacing, smaller edge distanc 
are possible and in extreme cases can be called for, sul 


ject to approval of the welding engineer. It 


will 


found, however, that the presence of such smaller edg 


distances will so handicap pre duction by reducing opel il 


ing speed and requiring special welding technique at 
welding set-ups, as to defeat the inherent purpose of sp 
welding. 


In any two or more lapped parts there will be tw 
edges or ends of part or flange, one on each side of the 
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Table 13—Recommended Minimum Weld Spacing, Edge Distance, Clearance in Inches 


All dimen ] 
0.016 0.020 0.025 0.082 0.040 ) 045 51 ) i 09.072 0.08 | 
edge distance 3/6 a/ i F - 1/, 
ot spacing */16 3/5 , 
m distance between rows 
igg red welds i 4 ; 4 ‘ é */ 16 
overlap, flange width 
it”’ required 3/5 b/s 
unobstructed area re 
place a weld diam 
16 y 
In case of combinations of uneven thickness« thickns of ! " gauge jo 1 th 
governing the above dimension 
t weld parallel to the line of joint, and thus the mint In those cases, and only when roller weld equipment 
1 overlap of two sheets or parts joined or the mini is available, dimension of the minimum unobstructed 
| width of any flange or flat of any two parts joined space at right angle to the axis of the corrugation or 


will be twice the minimum edge distance as given in 

ible 13 Obviously, 1f more than row ol spot 
welds is made, this distance must be increased by the 

istance between the row of spot welds made 

In order to place a weld at any one point, this point 

ust be accessible to a welding electrode which is of cer 
tain definite minimum dimensions, if good quality weld 

g is to be obtained. There must be, accordingly, a 
ninimum unobstructed area present around a point at 
which it is desired to make a weld. Table 15 the 

mensions of the unobstructed areas for straight elec 
trodes and Table 16 for offset electrodes, as practiced by 
several aircraft companies 
recommended that the 

structed area around the point of attachment be not 
less than in Table 13. Again it must be remem 
bered that welds can be placed in areas with less unob 
structed space but only at a usually prohibitive sacrifice 
f operating efficiency and weld quality. 

{n exception to the above recommendation can be 
made in case of long narrow grooves such as are present, 
for instance, between the corrugations of stiffening sec 
tions or alongside 


one 


pives 


It is dimensions of 


given 


flanges on flat sections or channels 


channel may be reduced to that of the minimum flat o1 
flange distance as called for in Table 13 

A spot weld does not have to be 
in the exact center of the minimum clearances 
quired as special offset electrodes are entirely 


place i nec saril 


t ’ 
space re 


practi il 


provided the eccentricity of the spot 1s not great enough 
to cause the spot to lie closer to the edg« the jomt than 
called for on the minimum edge distance tablk 
Design of Joints for Spot Weldin 
In designing joints for spot welding it must alwa be 


remembered that for ma 
vertical approach to the jomt on either side must be u 
obstructed In 


borhood oO! the 


Ximum opel iting ethiciency 


iddition, a vertical wall the neigh 


joint on either side of the Wit 1 ilway 


desirable provided it not over |v 1 height as it 
can be made to serve as a guide for the welding electrode 
and thus facilitate the proper alignment the weld: 
Figures 27 and 28 show good ind bad type | wints in So 


far as spot welding is concerned 


~ . ‘eo ee 
5. Fit of Par 









































It must be remembered that well-fitting parallel sur 
where roller welding wheels would normally be used. faces are essential if the advantages of spot welding are 
Table 14—Minimum Edge Distance Specified in Industry 
24ST Alclad 
All dimensions in in 

2016] .020} .025 | .032] .040] .045]} .051 |.064] .072] .081 |.092 |.102] 42 
sr ros +: 
Bell 3/16 | 3/16] 1/4 |1/4 | 5/16] 5/16] 5/16 [3/8 | 3/8 | 3/8 {7/16 
Boeing 1/4 11/4 | 1/4 | 5/161 5/16] S/16| 3/8 13/8 | 7/16] 7/16 {7/2 | 
Consolidated 1/8 | 1/8 | 3/16 | 3/16] 1/4 | 1/4 | 5/16 [5/16 3/6 13/8 1 {2 
——_—___4 —_—4 
Curtiss 3/16 | 3/16 | 7/32 | 1/4 | 9/32] 9/32 |S/16| 5/16} 11/32]3/8_ | | 
Douglas | 
Minimum 1/8 | 1/8 | 3/16 13/16} 1/4 | 1/74 11/4 1/4 11/4 13/8 
— see T —+-- 
Recommended 3/16 | 3/16] 1/4 | 1/4 | 5/16] 5/16] 5/16 [5/26] 1/2 
Lockheed | 
Minimum 3/16 | 3/16 | 7/32 | 7/321 1/4 | 1/4 | S/16 [5/16] 3/8 13/8 17/26 17/16} 1/2 
Mex imum 4 | 1/4 | 5/16 15/161 3/8 | 3/8 11/2 f172 | 5/8 15/8 121/16111/14 3/4 
ve Se at 
Minimum 3/16 | 3/16 | 7/32 | 1/4 | 9/32) 9/32) 11/3213/8 | 3/8 | 7/16 17/16 [1/2 
Max imum 74 11/4 | S/16 15/16 | 3/8 | 3/8 | 1/2 19/161 9/161 5/8 111/16 |3/a 
Vought-Sikor sky 3/16 | 3/16 | 3/16 | 1/4 | 1/4 | 1/4 | 5/26 15/16] 3/8 13/8 13/8 |7/f16] 9/6 
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Table 15—Minimum Electrode Clearance Specified in 
Industry 


Straight Electrode 


A 

















_ +> 
e™ s 4 
a~ 
1» ; 
Vought-Sikorsky Boeing Lockheed 
B B B B B B 
A« (A > (A « (A « (A < (A « 
Gaugt 2 In.) 2 In 1.5 In 12In.) 2In.) 2 In.) 
0.016 P ! 15 |! 
0.020 ; 15 15 T 1? 
0.025 16 ! l */ 16 |! 
0.032 o/ 4 : l o/ 6 4 
0.040 / ie 16/4 als 1>/. */ 16 | 
0 045 il/,, 16/ /, 15/, Dia 11 
0.051 11 /i¢ 1s l 9/16 1! 
0.064 AL/ a AT ] |! 
0.072 AT : ] 1! 
0. O81 AT 16 1° |! 
0.093. tl/ i, : 1s |! 
0.102 ad AY a6 
0.125 16/16 16/14 
All dimensions in inche 
to be fully realized. Accordingly, spot welding is at its 


best in joining flat stock or mass-produced, die stamped 
parts. 

Hand-formed or drop hammer formed parts usually 
require special care in spot welding since it is difficult 
to produce, by these processes, identical parts with flat, 
even surfaces of uniform thickness essential to good 
welding. It must be remembered that a difference in 
thickness of either sheet of as little as 10°) may have an 
appreciable effect on the quality of the resultant weld, 
and, therefore, the processes like hand forming or drop 
hammering which frequently tend to stretch the metal 
to a varying extent are poorly suited to producing joints 
for spot welding. In addition, drop hammers, particu 
larly when not properly kept, frequently imbed particles 
of zine, tin or other die material, or dirt into the alumi 
num, making welding conditions extremely difficult 

Poorly fitted parts which have to be pulled together 
by the welding electrodes, in addition to slowing down 
operating conditions and tending to lower the quality of 
welding, are apt to produce spot welds with high residual 
stresses which sometimes require only a slight additional 
external load to fail 

All effort, therefore, must be made to insure good fit of 
parts in spot-welded structures 


6. Gauge Combinations 


Welding of very thin to very heavy gauge combina 
tions is not considered at present practical whenever 
the thin material is required to be smooth. Experience 
indicates that with present welding conditions a thick to 
thin ratio of 2'/»:1 must be considered as maximum com 
patible with good welding although it is possible, under 
certain conditions, and usually by greatly sacrificing 





whenever the thin gauge can be made to take its sha - 
the entire share of the weld indentation, that is, w 
ever a pointed or sharply domed electrode can be 
against the thin section. 

Spot welding of aluminum alloys at present is lar 
limited to not over three thicknesses, although 
favorable conditions up to four thicknesses can be 
welded 
7. Weldability of Different Alloys 
The welding characteristics of the various alum 
alloys vary considerably. In general, all can be 
welded although some combinations of different t 
are more difficult to spot weld than others. In 
tion, each type of alloy presents its own difficulties 
conversely, has some advantages which are summari 
as follows 

In general, all high-tensile alloys are easier to 
in so far as they have less tendency for sheet separa 
and, in general, better weld strength consistency 
the other hand, the high-tensile alloys offer considera 
more difficulty with the soundness of weld metal, that 
the tendency to cracks and porosity is greater thar 
low-tensile alloys. Conversely, low-tensile alloy w 
offer considerable difficulty in so far as sheet separati 
weld strength, consistency and surface indentation 
concerned, but are generally free from cracks and por 
ity, even when made inder the most adverse conditio: 

In general, the aluminum clad alloys are more diffi 
to weld than the bare alloys in so far as the introducti 
of low resistance, high melting point aluminum cladding 
on the faying surfaces tends to decrease weld strengt! 


Table 16—Minimum Electrode Clearance Specified in 
Industry . 


Offset Electrods 


i 





AB 

















Lockheed 
Vega Flang 
must not 
following va 
for given val 
ought-Sikorsky Boeing B for any 
\ B, B gauge 


Gaug Min Min. Desired B Ma 


| 
y 


of 


0.082 | | ? = 


0.040 


value 


0.045 


0.051 


cin 
) 


1) O64 

0.072 /i 13 / 94 ] 
0.081 1 >/¢ l 
0 OOS - 

0.102 : 127 /, 91 


0.125 , I 


In general, B Min L75A 


operating efficiency, to extend the ratio to 3:1 B, De 2.5 A 
Chere appears to be no limiting factor to the ratio of All dimensions in inche 
thick to thin combination which can be safely welded 
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ency. On the other hand, the aluminum clad 
usually offer less difficulty in so far as electrode 
is concerned and can probably be welded at a 
rate. 
Shrinkage cracks in weld metal are almost entirely 
d to copper-bearing alloys such as 24S and 17S 
while the chromium-bearing alloys such as 52S and 535, 
ularly when hardened, have a far greater tend 
to porosity and cavitations inside the weld. 
joining dissimilar alloys, it must be remembered 
illoys possessing more nearly similar electrical re 
sistivity and melting points are the easiest to join while, 
ersely, the alloys possessing the most different elec 
trical resistivity and melting points are the hardest to 
Accordingly, the fully heat-treated or cold-worked 
illoys weld together comparatively easily while the soft 
r fully annealed alloys are more difficult to join to fully 
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heat-treated or cold-worked alloys similarly, pure o1 
nearly pure aluminum, such as 3S and 2S, has higher 
melting point than copper- or magnesium-bearing alloys 
and is more difficult to join to these alloys than to itself 


In joiming different alloys, it must be remembered 
that gauge combinations, as well as material: play an 
important part in the weldability of the joint. In gen 
eral, more heat will be generated in an alloy possessing 
higher electrical resistivity and the heat generated will 
be conducted more slowly from the thicker section, thus 
causing greater weld penetration in such alloys and such 
thicknesses. Since proportionate penetration is desi 
able and some penetration is essential for good welding, 
it is obvious that while a thin section of low resistivity 
alloy to a heavy section of high resistivity alloy com 
bination may be hard to weld, a reverse combination 


of a heavy section of low resistivity alloy to a thin se 
ve 4 ; I 
M«< e welded int r ece 
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Table 17—Weldability of Aluminum Alloys 
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Fig. 28—Types of Stiffener-Panel Combinations 


tion of high resistivity alloy may present no difficult 
at all, and, in fact, may be easier to weld than if the 
thicknesses were of the same alloy. 

Accordingly, exact rules are difficult to make and 
weldability of the alloy combination will vary consider 
ably from case to case. It is strongly recommended that 
before joining of any unusual alloy or gauge combinati 
is considered, each specific case must be discussed ful 
with the welding engineer 

Table 17 can be used as a general guide of weldabi 
for some of the more common combinations 


Section VII—-Welding Equipment and Installation 


1. General 


Che welding equipment proper, that is, the apparatu 
supplying the proper heat-pressure cycle to the wel 
plays an extremely important place in the welding pri 
ess, and the performance expected from such equipment 
is extremely exacting and often quite complicated. F 
tunately, this phase of the welding process has receiv: 
to date probably more attention and concentrated effort 
than all the other phases combined, and although th 
development of suitable equipment is by no meat 
finished, sufficient progress has been made so that th 
problem of proper equipment can no longer be considere 
critical. 

Since the design and construction of suitable equip 
ment are a highly specialized and technical art, it shoul 
not be undertaken unless considerable engineering skil 
and design and manufacturing facilities are available 
In general, a casual adaptation of existing equipment is 
apt to produce unsatisfactory results 
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1.025] 4 
> 0.975] 


where J is peak current at any one control setting 
i++; 4 ] 
" ) 
ere foe, t tie, tea are average values of / : letermin 
Fig. 29--Welding Current Accuracy 
The detailed description of the various types of 


equipment now available does not rightly fall within the 
province of these Standards and Recommended Practices 
and it is recommended that this information be obtained 
lirect from the designers and manufacturers of the 
equipment now being offered by the trade. However, 
the broad purpose of the equipment as well as its general 
standards of performance and capacity rating are a func 
tion of the process and are, therefore, discussed here 1 
some detail 
2. The General Types of Spot Welding Equipment 

In general the spot welding equipment now available 
for spot welding of aluminum alloys can be divided into 
two types; first, conventional alternating current equip 
ment and, second, stored energy equipment 

The latter type is at present further subdivided into 
electromagnetic type wherein the energy is stored in an 
electromagnetic field present in an induction coil or reac 
tor, and the electrostatic or condenser discharge type 
wherein the energy is stored in an electrostatic capacitor 

In addition, the equipment may be of the constant 
pressure type wherein a constant force is applied to the 
welding electrode, or the variable pressure type 
wherein the magnitude of the force is varied during the 
welding cycle. 

From the point of view of welding technique alone, 
the principal difference between the different types of 
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In case of alternating or pulsating currents the accuracy shall In general 

be considered as follows 1.05, 
‘ Q5 
Case 1 UD 






where t¢ 
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where J’, 







, 
and m 






eae eee a ee 7 
In this case the rms. value of all current peaks shall be con- where t... @ 2% 4 ‘past ee 
idered as the magnitude J and , 












I s 1.025] 
0 975/. etc., etc., for all ¢, until tp» 
- Jio ¢ . 
~_ where » = 100 and m = number ef peaks 






where J is the welding current at any one control setting 








: Similarly ta S 1.05tg tae S 1.05tae4 
I, + In + Is + = : WN dia i2 JE d2 
{ ; > | ; 
iP andm = 100 = 0.95taia 0.95t ara 
n etc., etc 
where faa, taza Correspond to tyia, tpra, etc 
Case 2 





In case of alternating or pulsating currents whose period i 


I’ 2 1.05!’. function of the power line frequency 









0.95!’ 
; : ; = t - ; 
In this case ‘ 
and 
I’; Ss 1.025I',, and I's s 1.025/'s. Fa & 12 ws ta t tas = t 
> 0.975114 > 0.975124 > O.975I' 


Therefore in such cases it shall be sufficient that 









wher 






I's be < 1.05% 
> 0.95to. 







where lo. lo, + to + tes 4+ t 








,n being = 100 n > 100 





Fig. 30—Welding Current Accuracy—Alternating-Current Equipment 






here are, however, certain basic standards of output 
which all welding equipment intended for welding alumi- 
num alloys must meet if it can be considered as at all 
suitable for this task. To understand these fundamental at the point of joining is provided at present by a flow of 
standards it must be remembered that from the point of electrical current of certain definite magnitude and 
view of welding alone, a welding machine is a means to duration. In addition, the thermal cycle is affected by 
produce a certain thermal cycle at a point of joining, the heat absorption properties of the welding electrodes 
combined with a means to produce a certain pressure applying pressure and current to the weld. 
cycle at that same point Unless these two cycles can 
be reproduced by the machine indefinitely and with close 
accuracy and consistency, the welding machine cannot 
be considered as satisfactory since of all the various fac 
tors entering into formation of the weld, the above two 
factors are the ones most capable of accurate control 


and the ones whose accuracy, therefore, should be taken 
completely for granted. 







The source of energy necessary to fuse the parent metal 







The weld 
ing machine, accordingly, must be capable of accurate 
and repeated reproduction of an electrical current im 
pulse or impulses of a certain predetermined shape and, 
in addition, must be capable of maintaining the same rate 
of heat absorption by the welding electrodes at each su 

cessive weld. In a similar fashion, it must be capable of 
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Fig. 31—Preheat Current and Pressure Accuracy 


producing accurately and repeatedly a pressure cycle of 
predetermined magnitude, duration and relationship to 
the thermal cycle 

It is recommended that the equipment intended for 
spot welding of aluminum alloys be capable of the fol 
lowing standards of accuracy in delivering their output of 
welding current and pressure 


a) The spot welding machine shall be capable of 
reproducing indefinitely, at predetermined intervals, 
impulses of welding current either direct or alternat 
ing, the magnitude of which, that is, the peak value of 
each impulse, does not vary more than +2'/,°) of 
the average, while the time of occurrence of each such 
peak from the instant of the beginning of the flow of 
current, as well as the time from the occurrence of 
such peak to its decay to a value of 75°), 50° and 
“9 of the peak, shall not vary more than +5‘, of 
the average as illustrated in Figs. 29 and 30 


{) 


When the main welding current impulse is 
ccompanied by either a preliminary or subsequent 
wuxiliary impulse of current of not more than ' 
ilue in magnitude, the accuracy of this preliminary or 
subsequent current impulse shall be not less than 
5°, in magnitude and +10%% in duration, the per 
centage of accuracy to be determined in the same 
manner as stated above for the main welding impuls« 


- 
1 


and as illustrated in Fig. 31 

( The welding machine shall be capable of re 
producing indefinitely a pressure cycle of predeter 
mined magnitude and duration, the accuracy of which 
shall not vary more than +5 of the average in mag 
nitude if the pressure remains constant throughout the 
welding cycle. In case of a variable pressure cycle, 
the magnitude of both the welding and forge pres 


( 


sure shall not vary more than +5, of their average 

value, and the time interval between the peak value 

of current and the time the forging pressure reaches 
1¢ 


g 
the maximum value shall not vary more than + 10% 
of the average value of such time interval, as illus 


trated in Fig. 31 In addition, the rate at which the 


welding pressure is increased to the forging pressurt 





1942 SPOT WELDING OF ALUMINUM ALLOYS 


shall not vary more than + 10% of the erage value 
of this rate of rise, as illustrated in Fig 


Vethods of R uling of Spot Weldin Vu nent 

here are a great many ways in which any apparatus 
can be rated The spot welding equipment has been 
usually rated in the past either by the load it imposed 
upon the electrical power! lines feeding the equipment 
or even more often by the thermal | the ele 
trical transformer forming part of the 1 hine whet 
ope rated at a certain duty cycle Thi et rating 
although indicating to some extent the general pacity 
ind size of the machine, 1s unsatisfactor vreat 
many respects, most obvious of which 1s that 1t es not 
give an exact indication of the outpt ld 
machine and, therefore, of its true wel 

Recently there has been a tendet 
selection of aluminum spot welder 
range ol metal thicknesses the 1 I é uld weld 
This 1s fundamentally the most ut { lott 
welding equipment since it deals direct! ter the 
usefulness and range of the machine I ts pri 
mary purpose, that of joming part 

Unfortunately, the sentence ‘‘would we ipable 
of very wide interpretation unk the qualit the we 
is carefully defined and be LLIS¢ lerabl 
variation existed in the true capacity of supposedly idet 
tical machines when rated by thi eth However 
since the quality of acceptable welding is defined in thes 
Standards, it 1s recommended that the method ratit 
the welding equipment in term the gauge thi 
nesses it will weld, be universally pt llow 

All machines shall be rated in ter 
ind minimum metal gauge thickné mbinations the 
machine can weld in production at tated rate of spec 
ind with the general quality welding pi 
control in accordance with these St 

It is further recommended that 
chines intended for welding alumi ed int 
three sizes as follows 

size | Min thickness¢ thi 

St Alclad she: 








































Max.—2 thicknesses of 0.035 in. 24St Alclad 


sheet. 

size 2. Min.—2 thicknesses of 0.030 in. 24ST Alclad 
sheet. 

Max.—2 thicknesses of 0.081 in. 24ST Alclad 
sheet 

Size 3 Min.—2 thicknesses of 0.064 in. 24ST Alclad 
sheet. 

Max.—2 thicknesses of 0.110 in. or thicker 


24ST Alclad sheet 


It is also recommended that the manufacturer fur 
nish the following information which shall be regarded 
as part of the rating of the machine 

For Alternating Current Equipment 


a) Maximum kva. demand at 100% rated voltage. 

Maximum duty cycle at which machine can be 
operated at maximum kva. demand without ex- 
ceeding stated temperature rise. 

c) Maximum and minimum rms. secondary current 

machine can deliver at 100° rated voltage 

d) Maximum and minimum electrode pressure ma- 

chine can deliver consistently and accurately. 

e) The extent of the movement in the horizontal 
and vertical plane of the top and bottom elec- 
trodes upon application of the maximum 
pressure as given above, the measurement to 
be made with two domed electrodes applying 
full pressure to a hardened steel plate '/, in. 
thick or greater, ground to a smooth finish 
and lubricated with machine oil to simulate 
conditions existing during formation of a weld, 
that is, with liquid metal acting as a lubricant 
between the sheets welded. 

Time cycle of each welding stroke at the maxi- 
mum rate of operating speed, that is, the ratio 
of time the electrodes are in contact with the 
parts being welded, thereby restraining any 
movement of the parts being welded, to the 
total time of the operating stroke. 


For Stored Energy Equipment 


J 
} 


6) Maximum impulse of secondary current machine 
can deliver including time to reach peak, mag 
nitude of peak and time to decay to 10% value 
of peak. 

(c) Minimum impulse of secondary current machine 
can deliver including time to reach peak, mag- 
nitude of peak and time to decay to 10% of 
peak value. 

(d) Longest possible time to reach any one peak 
welding current, including approximate wave 
shape tf the rate of growth is non-uniform. 

(e) Shortest possible time to reach any one peak 
welding current, including approximate wave 
shape if rate of growth is non-uniform. 

f) Maximum and minimum welding and forging 
pressures which the machine can deliver con- 
sistently and accurately. 

The time of application of the forging pressure, 
if different from the welding pressure, as re- 
lated to the peak current. 

(i) The extent of the movement in the horizontal 

and vertical plane of the top and bottom 

electrodes upon application of the maximum 
pressure as given above, the measurement to 
be made with two domed electrodes applying 
full pressure to a hardened steel plate '/, in. 
thick or greater, ground to a smooth finish and 
lubricated with machine oil to simulate condi- 


(a) Maximum kva. demand at 100°7, rated voltage. 
g 


(go) 
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tions existing during formation of a wel 

is, with liquid metal acting as a lubri 

tween the sheets welded 

Time cycle of each welding stroke at the m: 
rate of operating speed, that is, the rat 
time the electrodes are in contact with the 
being welded, thereby restraining any 
ment of the parts being welded, to th 
time of the operating stroke 

t Methods of Testing Veu Types of Welding Eq 

Chere is no completely adequate test which woul 
determine the performance of a welding machine i 
duction since any such test or tests would have 
volve all the variables which are encountered in pr 
tion in a particular plant and would, therefore, be 
tensive and complicated as the actual production oy; 
tion. It is, therefore, generally recognized that thx 
acceptance or approval of a different or new type 
ing machine only can be determined by operation « 
machine in actual production. 

Tests, however, can be devised which will show 
of the more obvious inherent weaknesses in a new typ: 
equipment which would tend to make the machine 
form unsatisfactorily in production. Since the inst 
tion and operation of any piece of apparatus in pro 
tion involve considerable expense and in case of un 
factory equipment may result in additional expenss 
both loss of time and spoilage of material, it is re 
mended that such tests be conducted on any new or 
proved type of welding equipment prior to its inst 
tion and operation in actual production. 

It is further recommended that this preliminary 
of new or unproved type of welding equipment shall ; 
sist of the following 7 

Test of New Type of Equipment 


a) Shear Pull Test for every metal and every gau 
combination that the machine is intended 
weld in production. 

Strength Consistency Test for every metal an 
the following gauge combinations that t 
machine is intended to weld in production 

Thinnest gauge to thinnest gauge 
rhickest gauge to thickest gauge 
Thinnest gauge to thickest gauge 
The Standard Strength Consistency Test shall 
modified for this purpose to consist of 100 instead ot 
shear pull specimens with 75 specimens exhibiting « 
sistency of 10% and 25 specimens of =20%. 


(c) Weld Metal Structure Test for every metal ai 
gauge combination that the machine is 
tended to weld in production. 


These tests shall be made with the welding schedule 
recommended by the manufacturer of the equipment, or 
in the absence of such recommended welding schedules 
with the welding schedules which, in the opinion of th 
engineer conducting the test, will produce the be 
results. 

The results of the tests shall be such as to prove th: 
machine capable of producing good welding as define 
under Section I of these Standards. 

Failure of the machine to pass the above preliminary 
tests should be considered as an indication of the genera 
unsuitability of the new type for aluminum welding 
However, its ability to pass the above tests shall not be 
construed as constituting unqualified acceptance of th: 
new principle or design involved, but merely as an indi 
cation of the suitability of the machine to be tried out 1 
actual production. 
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urement of Current and Pressure Output 
the electrical and mechanical 
machine is frequently necessary for 
first, to determine the exact output at 
settings of a new machine and thus permit in 
t application of established welding techniqu: 
new apparatus, and, second, as a check on 
either new or faulty equipment. 


easurement of 
a weld ng 


TCaSUMS 


opera 


the determination of the current and 
output has to be made with extreme accuracy 
nt record of its measurement is de 


either cast 
usually permane 


e following methods are recommended 


Current Measurement.—Measurement of either 
or D.C. welding current is usually considerably more 

nple if made on the primary or high-voltage side of the 
welding transformer or reactor. Unfortunately, under 
ne conditions large magnetizing currents may be pres 
nt in the primary, changing the normal ratio of current 
nsformation. Accordingly, it becomes necessary to 
etermine if and when such magnetizing currents are 
present by measuring simultaneously both the primary 
| the secondary currents at different outputs, thus es 
blishing the true ratio of transformation for the entire 
inge of current output. Once the true ratio is estab 
lished, all current measurements should be made on the 
imary side, both for the reason of greater simplicity in 
isurement and also because such measurements can 


made without affecting the electrical characteristics 
+} 


the welder circuit which frequently occurs during 
ondary current measurement. 
[he measurements of both primary and secondar 


urrents may be conducted by means of a suitable cur 
rent transformer or calibrated current shunt The cur 
rent transformer, however, can be used only for sinusoi 


lal currents, and should be, therefore, confined to the 
measurement of the primary current of standard A.C 
equipment. A calibrated current shunt should be used 
for all non-sinusoidal currents either primary or second 


rt 


[t is recommended that the actual current measure 
ment and record be made by means of a standard mag 

tic oscillograph. 

Any suitably calibrated current shunt of the precision 
type such as, for instance, manufactured by the Weston 
Electric Manufacturing Company may be used for the 
determination of the primary current. It is recom 
mended that a shunt consisting of a cylindrical section of 
manganin placed in series with one of the electrodes and 
forming part of the electrode holder, of the type first 
developed at the Rensselaer Polytechnic Institute, be 
used for the measurement of the secondary current. 

It must be remembered that the introduction of a 
shunt into the secondary circuit will increase the re 
sistance of this circuit. This increase may be of sufficient 
magnitude, particularly in stored energy equipment, to 
affect appreciably the welding current. This change in 
the welding current has no significance in laboratory or 
experimental work since it can be easily corrected by 
uitable changes in the normal adjustments of the ma 
chine’s controls. However, since it is obviously im 
practical to equip every production machine with a 
secondary shunt, an appreciable error may be intro 
luced into the current calibration of a production ma 

hine at its normal control settings if the current at each 

setting is determined by the use of a secondary shunt 
it is for this reason that the use of the secondary shunt is 
recommended only as a means for determining proper 
ransformation ratio 
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For detailed description of suitable sé 





see “The Measurements of Spot Welding ‘ 
W. F. Hess, A.J.F.E. Transactions, Tun Ee 

In checking the operati f equipment 
it 1s frequently desirable to obtain a qu r 
ipproximate consistency of the curr: vil 
actually measur! the t Ins l 
ummeter with stop h 1 ind t 
swing of the meter ( lle « e ust 
o! satusiaction 

Pressure Measurement Che 

static welding pressure, that is, of the é é 
the machine ind ipplied it the weldins ectrod¢ 
should be measured directly at the ty the weldi 
electrodes, with a suitable mechanical pneumat I 
hydraulic gauge Several such gauge re nov lable 
and are satisfactory for use, provided the 
checked periodically on a suitable testing 1 hine 

Such static measurements are satisfact 
cating the pressure capacity of the equipment Phe 
do not, however, give the true welding pressure at the 
time of welding as they do not take int unt the 
dynamic forces developed during the format f the 
weld, such as the electromagnetic repul 
trode and electrode holders and arms, the inert effect 
of the movable system during the \ ’ the 
possible movement of the electrod I t I t 
plane , ei 

here is no standard dynamic pre 
ible on the market now, though several are é 
of development Ot these, the three 1 t pr ins re 
based on the same principle, namely, the nge in el 
trical sensitivity of a fine wire or seri f wires whi 
subjected to a variable tension load These gaugt re 
built into a standard electrode holler permitting the 
use under production or semi-productior nditi 


Che complete description of the operati f these 
may be found in the following 


Hess, W. F., and Wyant, R. A.., Electri Me é 
ment of Electrode Pressure During Spot Wel 
[HE WELDING JOURNAL, October 194 
Device for Measuring Tip Force and Current in Spot 
Welding,’ General report 2561, Lockheed Aircraft 
Corporation 
North American Aviation, Inc., Re ts ] 
LN-3155 
6. Installation of Welding Equipment 
Installation of all electrical and mechanical chiner 
is generally governed by a number of well-known rul 
which should be followed in case of welding equipment 
also. However, the welding equipment differs from the 
other electrical and mechanical machinery in several 
respects and there are, accordingly, some specific rule 
which should be followed if the equipment is to be 
pable of producing welding of the quality require 
these Standards and is to operate in the t efficient 
manner. 
It is therefore, recommended that the following rulk 
be observed in installing welding equipment 
The maximum permissible line voltage fluctu 
tion of the power supply feeding alternatu urrent 
equipment shall not exceed +5 of thi erage line 
voltage during any one operating shift 
b Che maximum voltage drop on a1 e power 
bus feeding two or more welding machin ue to th 
operation of any one of such machin hall be not 
more than 10°, of the normal line Itage ut the 
operations of the machines are so interlocked that 
two or more machines can operate simultan 
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c) During the operation of any one welding ma 





shall not drop below 85° of the maximum voltage 
at that machine during its operation, for any cause 
whatsoever other than the operation of the machine 
itself 























d [he water supply for cooling a welding ma 
chine and its electrodes shall be of such capacity 
that the water pressure at the intake into the welding 
machine shall not be less than 20 psi. at any time and 
with water circulating freely throughout the machine. 

e) It is recommended that the temperature of the 
incoming cooling water does not exceed 40° F. At no 
time shall the temperature of the incoming cooling 
water exceed 75° F. 


ft) 

































































The cooling water as furnished to the welder 
shall be clean and free from all foreign substances 
which may tend to corrode or clog the water-cooling 
tubes 






































g) The pressure of air furnished to the pneu 
matically operated spot welders shall not be less than 
SO psi. at any time. In case the equipment has to be 
operated in location where fluctuation in air pressure 
may cause it to drop below 80 psi., low air pressure 
alarm shall be installed which will become operative 
whenever the air pressure drops below 80 psi. It is 
recommended that no welding equipment is operated 
on air supply of over 125 psi. unless it is specifically 
designed for such duty. 

(h) It 1s recommended that the air supply to the 
pneumatically operated equipment is kept clean and 
free of water by means of suitable air filters and water 
traps installed at each machine. 

(7) It is recommended that ample clearances be 
provided around all electrical control apparatus used 
in conjunction with welding equipment, particularly so 
in case of stored energy equipment where high voltages 
or high voltage surges may be expected 































































































7. Matntenance of Welding Equipment 











It must be recognized that all forms of welding equip- 
ment developed to date for spot welding of aluminum 
alloys are considerably more complicated and elaborate 
than the average type of equipment used in industrial 
production. All possible stress must be laid, therefore, 
upon provisions for proper maintenance of the welding 
equipment 
























































Specifically the following recommendations are made: 














(a) A maintenance man shall be assigned to and 
continually be available for each one group of not over 
twenty (20) welding machines being operated on any 
one shift. 




















b) The maintenance men assigned to the welding 
equipment shall receive special instructions in the 
operation and construction of the welding equipment 
under their charge and shall be thoroughly familiar 
with its design, operation and construction. | 

(c) Periodic inspection of the equipment, including 
complete overhaul of all parts which have been found 
to give trouble, shall be conducted on each spot weld 
ing machine not less than once every two weeks and 
preferably every week. 



























































d) All maintenance and adjustment of the weld- 
ing equipment, except such adjustments as are called 
for on the welding schedules, shall be conducted either 
by the welding engineer or by the maintenance men or 
any other authorized individuals who have received 
special instruction in the operation, design and con- 
struction of the welding equipment. 
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chine the voltage at the terminals of that machine 
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Welding Electrodes 


The welding electrodes constitute the only part 
welding machine which require continual replace: 
and which, therefore, must be stocked and purchas 
considerable quantities. Since there is consider 
variation in the shape of parts encountered in air 
a great variety of electrode shapes is frequently 
sary. There are, however, certain types of straight 
trodes which are used in considerable quantities 
flat and accessible work. 

Since considerable saving in cost can be a 
plished if the dimensions of the electrodes most wi 
used are standardized, it is recommended that when 
possible the straight electrodes used shall be in a 
ance with Fig. 32. 

It will be noted that the electrode contours giv: 
Fig. 32 are 10 in. and 2 in. radius, respectively 

It is recommended that whenever different radii 
required, these be machined by the fabricator sinc 
has to provide facilities for the machining of the « 
trode contours anyway for restoration of used electrod 


It is recommended that ejector type electrode holder: 
providing not less than two (2) gallons per minute water 


flow through the electrode at 25 lb. water pressur: 
used with these electrodes. 


It is further recommended that these ejector typ: 
holders shall be furnished in 1'/, and 1'/, in. diameters 


and in 8-in., 10-in., and 12-in. lengths 


Section VIII]—Personnel 


1. General 


3ecause of the fully automatic operation of mod 
welding equipment, temptation exists to assume that tl 
sole function of a spot weld operator is merely to pres 
button and handle the material to and from the 
chine. This assumption is never quite justified 
particularly so in case of aluminum alloys. 


Intelligent operation can improve performance of 


most completely automatic equipment even when oper 


ating under the most favorable conditions, and in 
case of aluminum welding where the control of the sp 
welding process has to be maintained with the great 
rigidity, as has been shown throughout these Recor 
mended Practices, intelligent execution and supervisi 
of this control are absolutely essential if good results 
to be obtained. 

Accordingly, selection, training and administrati 
of the personnel entrusted with the welding process fr 
the welding engineer to the welding operator constitut 
a very important phase of the welding process 

As everywhere else, the welding personnel can be d 
vided primarily into a group composed of operator 


whose job is to do the actual work, and a supervisin; 


group whose responsibility it is to see that the work 


done and that it is done in a proper manner. However 


whereas in most other manufacturing processes, the job 
supervision is primarily to see that work is produced a1 
the quality of the product is mainly left to the efforts 
the Inspection Department, the highly technical natur 
of spot welding makes it imperative that supervision 
the process include both a production and a techni 
man charged with output and quality, respectively. 

This section attempts to recommend both the desiré 
qualifications of the welding personnel and the divisi: 
of responsibility and authority between its various men 
bers. 
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Fig. 32—Standard Electrode Dimensions 


Welding Operators 


It is obvious that the greater the knowledge of the 
operator concerning the complete welding process, the 
more dependable will be his work. It is recommended, 
therefore, that all possible attempt be made to acquaint 
the operator as much as possible with the various phases 
of the welding process. It is specifically recommended 
that training courses or lectures be conducted on com 
pany time preferably by the men charged with adminis 
tration of the Welding Division. It will be found that 
such courses or lectures, especially when accompanied by 
discussions between the operators and the lecturer, will 
soon pay for themselves in improved output and weld 
quality. 

Since there is obviously no limit to the extent of 
knowledge and experience which can be acquired bene- 
ficially by the operators, it is necessary to set a certain 
minimum requirement of skill and experience which the 
operator must possess before he can be entrusted with 
production work. 

It is recommended that these minimum requirements 
be as follows: 


Ability to translate the welding schedule into 
machine adjustments and a thorough under 
standing of the significance of each adjustment 
called for on the welding schedule. 
Ability to recognize quality of welding and a 
clear understanding of how defective welding 
can be overcome. This in turn requires 
(1) Thorough knowledge of the Weld Quality 
Standards. 

2) Ability to conduct Shear Pull Tests and 
Weld Penetration Tests. 

3) Fundamental knowledge of the factors 
affecting the formation of the weld 

Ability to recognize when welding electrodes re¢ 
quire cleaning. 

Ability to clean welding 


proved manner 


electrodes in the ap 
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é A certain amount of manual dexterity and general 
efficiency permitting the operator to conduct 


his work with proper speed ana dispatch 

f) Ability to understand the proper requirements 
and function of the part 
ficiently to permit intelligent rather than blind 
assembly operation. 


being welded suf 


The time required for different operators to acquire 
the above qualifications will vary extensively, and, there 
fore, no prescribed minimum time of training period 
can be recommended. In general, it is recommended 
that the candidates for the job of welding operator be 
first made to serve as welding helpers, handling mate 
rials and, in general, assisting the welding operators in 
the work while at the same time be given such instruc 
tions as are provided by the company for the training of 


the welding personnel. In general, more satisfactory re 


sults can be obtained with candidates who have not had 
any previous experience in spot welding other than spot 
welding of aluminum alloys in aircraft, since consider 
able difference exists in the techniques and requirements 


of other forms of spot welding, and as usual it is easier 
to form new habits than to change old one 


It is recommended that the responsibilit the 
welding operators be confined to the followi 
a) Quality of welding 
b Speed of welding 
( Fit and location of parts when the parts di t 
reach him preassembled by mea f screw 
Cleco clamps, tack welds or ther 
permanent fashion 
Although the maintenance of the equipment i 
directly part of the operator's duties, he should be mad 
ndirectly responsible for its operation through hi Sonnet 
responsibility for the quality of the welding he is pr 
ducing which obviously cannot be up t t f h 
faulty equipment operation It is, ther 
sponsibility to summon the maintenance man at the first 
sign of faulty operati f equipment, or 1f t inte 



































nance man is not available, to suspend welding and to 
draw the attention of the supervisor to the situation 


) ] ts y . : ; 
> Production Supervision 


Because of the great importance of uniformity of pro 
duction process control, it is imperative that the final re 
sponsibility for all spot welding and the administration 
of the entire process be confined to one person. For this 
reason, it is recommended that the production of spot 
welding in any one plant be made the responsibility of 
one full-time welding supervisor. The supervisor's work 
may be carried directly or through as many assistant 
supervisors, leaders, or set-up men as the extent of the 
operations and the location of the equipment in the 
plant may require, provided that the final authority and 
responsibility for spot welding production output is en 
tirely in the hands of the spot welding supervisor. 

It is further recommended that the production super 
visor be made fully responsible for the quality of the 
welding except in cases where the defective quality can be 
definitely traced to the inadequacy of the welding tech 
nique prescribed by the welding engineer 

Since the duties of the supervisor and of the welding 
engineer overlap to some extent, particularly in so far as 
weld quality is concerned, it is extremely important that 
these two men be made to work as closely together as 
possible. The welding engineer should seek the advice 
of the welding supervisor in the selection and installation 
of welding equipment, as well as in the development 
of new welding techniques and weldmg processes. Simi 
larly, the welding supervisor should keep the welding 
engineer continually informed about his experience 
with the welding processes and equipment under his 
supervision. 

For this reason it is recommended that both quality 
and quantity of welded output be made the joint re 
sponsibility of both the welding supervisor and the 
welding engineer. 


4. Welding Engineer 


lhe spot welding process as used for aircraft produc 
tion is both new and fairly complicated. Being new it is 
frequently regarded with skepticism, and being com 
plicated it requires thorough coordination and coopera 
tion of the factors entering into aircraft design and pro- 
duction. For these reasons, if spot welding process is to 
accomplish in the aircraft industry what it has accom- 
plished in other industries, namely, a tremendous reduc- 
tion in time and labor, its development and promotion 
cannot be left in the hands of a number of individuals as 
part of their duties but must be concentrated in the 
hands of some one individual suitably qualified for the 
task. This individual, who for lack of a better name 
shall here be called the Welding Engineer, must be given 
the incentive to promote, improve and perfect the proc- 
esses of spot welding in a plant to the exclusion of every- 
thing else. 

It is, therefore, recommended that the development 
of the spot welding processes including the establishment 
of proper welding techniques, selection and procurement 
of welding equipment, instruction of welding personnel, 
as well as the application of the welding processes to the 
fabricator’s product, be placed in the hands of the weld- 
ing engineer. 

The welding engineer then should be responsible for the 
following 


a) Development of a complete welding process, 
including materials preparation and material 
handling methods 
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b) Development and establishment of su 
welding technique, including the establis] 

of proper welding schedules 


c) Quality of the welding—this responsibility 
shared jointly with the welding supervis 
d) Rate and efficiency of production—this re 


bility to be shared jointly with the w 
supervisor 

e) Selection and procurement of the welding 

ment including proper jigs and fixture 

f) Development of suitable testing methods 

g) Development of all new welding processe 

h) Proper welding design 

j) Proper application and dissemination of thi 
welding 

k) Proper maintenance of the welding equy 

either directly by having the man cl 

with the maintenance of spot welding « 
ment under his jurisdiction or through 
proper access and cooperation with thx 

engineer. 

Because of these responsibilities of the welding 
neer, he should be encouraged to work in close coll 
tion with the Production and Structural design grou 
improve as much as possible the output of welded 
For this purpose, it is recommended that the wel 
engineer be given the opportunity and facilities for 
ducting time studies of welding operations and 
flow and routing of all parts and assemblies to be weld 
It is also recommended that all drawings detailing | 
to be welded be countersigned by the welding eng 
and that he be consulted in all matters pertainn 
welding in structural design. 


Section [IX—-Prodiuction 


1. Production Methods 


Spot welding is inherently a mass production, 
speed tool and its use requires that all the usual rulk 
good production methods are followed as closely as | 
sible if real savings in time and labor are to be re 
These are too numerous and too well known to 
peated here. A few, however, primarily inherent 
spot welding and which are apt to be overlooked by 
general production experts, may be well emphasiz« 
follows 

(a) An average spot welding machine is capabl 
operating at between 30 and 70 spots per minute 
pending on gauge combinations welded. It is thus | 
tentially capable of producing 14,000 to 33,000 
welds per 8-hour shift. However, in order that 
machine may even begin to approach such output 
must be kept operating continuously. Although 10° 
continuous operation of a spot welding machin 
obviously impractical because work has to be fed 
and out of the machine and a certain percentage 
operating time must be given up to permit cleaning « 
electrodes and for conducting inspection tests, 50 to 
continuous operation may be approached provided t 
following elementary rules are observed: 


+} 
I 
{) 
‘ 


1. Parts to be welded must be properly rout 
and kept moving so that there will be plenty of wor 
to be done piled up at each machine at all times. 

2. Parts to be joined must be supplied to the n 
chine preassembled in some temporary manner su 


as screws, Clecos, quick acting clamps, jigs, fixtures 


or even tack welds so that the operator need not spe! 
his time fitting the parts together while equipment 
standing idle 
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An attempt should be made to specialize each 
ine aS much as possible, that is, to confine its 
ition to one particular part or at least one par 
r gauge combination in order to reduce to a 
ium the time consumed in changing over from 
nachine set-up to another. 
ig Adequate supply of welding electrodes of all 
tired types must be provided at each welding ma 
e within easy access of the spot weld operator 
Spot weld operators must have immediate and 
access to their supervisors, inspectors and m 
nce men 
An incentive spirit of accomplishment and 
mpetition must be fostered and established by pro 
ling means of recording and publicizing the daily 
duction of each machine, group, shift and depart 
ent. The practice of financial compensation for 
record achievement of both production and quality 
not always practical but its possibility must be borne 
n mind and it should be utilized whenever possible 
7. All welding activities should be integrated into 
me welding department under unified supervision and 
mtrol. 
Although from a general production point of view, 
mptation often exists to scatter welding equipment 
throughout the plant, and thus reduce to a minimum all 
trucking operations, this procedure is not very 
tory aS a rule because of the many requirements 1n 
erent to spot welding equipment which cannot be readily 
tisfied unless the equipment is concentrated in large 
It will be found that production of individual 
pot welders scattered throughout the plant, or of any 
group of spot welders which do not form a unit large 
enough to justify its own full-time material preparation, 
supervision, inspection and maintenance facilities, is ex 
tremely low and does not begin to approach the econo 
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ies and speeds which constitute the very core of the 
of spot welding 
Airplane Manufacture— Welding Sewing” Alclad Aluminun 
E. Klingeman Iron Age, vol. 149, no. 19 (May 1942), 
H9-71 
Airplane Materials. Stainless Steel in Aircraft Iron & Steel 
vol. 15, no. 9 (May 1942), pp. 261-266 
Aluminum Alloy Fluxes for Aluminum Alloys, O. Einerl 
nd F. Neurath Chem. Age, vol. 46, nos ] 


1188 and 1192 (Apr. 4 


42), (Met. Sec pp. 181-183 and Met. Sec.), pp. 2 
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May 2 
Aluminum Alloys. Heat Treating Aluminum Aircraft 
Iron Age, vol. 149, no. 21 (May 21, 1942), pp. 47-49 


Brazing, Silver Alloys. Silver Brazing Alloys and Procedurs 


Basch, Iron Age, vol. 149, no. 23 (June 4, 1942), pp. 62-63 

Car Maintenance and Repair. Railroad Car Maintenance, 
Havens. Welding Engr., vol. 27, no. 4 (Apr. 1942), pp. 28-31 
Cranes, Welded Steel Boat Crane Booms Steel, vol. 110, 


100 


Materials and Me 


96 and 99 
Substitute 


21 (May 26, 1942), pp 


Crankshafts, Cast Iron thods for 


ligher Production, E. M. Currie and R. B. Templeton Indus 
wer & Fuel Economist, vol. 18, nos. 196 and 197 (Jan. 1942), 
6-10 and (Feb.), pp. 14-18 

Crushers. Manganese Crusher Jaw Repairs, L. H. Davis 
elding Engr., vol. 27, no. 4 (Apr. 1942), pp. 45 and 48 

Cutting Tools, Brazing. Electric Tool Tipper Engineer, vol 
3, no. 4493 (Feb. 20, 1942), pp. 168-169 

Cutting Tools, Maintenance and Repair Built-Up Tools Save 
ligh-Speed Steel, P. L. Budwitz. Am. Mach., vol. 86, no. 9 


30, 1942), pp. 384-385 
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Spot Welding Costs 
Cost of Spot Welding Lockh 
Using A.C. spot welder: $0 .003208* 
Using Electromagnetic spot 
welder $ 103 1 
Using Electrostatic spot 
welder 
Using A.C. roller welder $0. OOLE 
* Including cost of pre-weld assembly 
At comparable weld spacing 
Electr Welding, Ar Advancs 
E. W. P. Smith Iron & Steel E: \ 
p. 31 discussion), 34 and ¢ 
Electric Welding, Ar Manual A 
Tool Steels, C. H. Speakmar Steel 
14 pp be xs oO id 1p 
Electric Welding, Ar Atomic Hy 
Welding, T. B. Jeffer Welding Eng 
1942), pp. 27-30 
Electric Welding, Ar New Welding 
Steel, vol. 110, no. 22 (June 142), pI 
Electric Welding, Ar Standard E] 
and Equipment Brit lards I1 
638-1941, IS pp 
Electric Wel ling Ma ine ( ,eT 
Reduced by Motor Generator ri 
Power, vol. 20, no Apr. 1942), p. 62 
Electric Welding Machin Portabk 
ing, B. J. Toddsworth. Welding Eng 
pp 12-44 
Electric Welding Machine Pri 
ing Indus. Power & Fuel Econemi \ 
p. 157 
Electric Welding, Power ipply : 
Welder Voltage Fluctuations, E. L. Har 
World, vol. 117, no. 20 (May 16, 19 
Electric Welding, R« tance, Alumit 
ergy Welds Aluminum, C. E. Smith \ 
Apr. 30, 1942), pp. 375-378 
Excavating Machinery, Maintenar 
Dipper Teeth, R. B. Lew Weldin 
1942), pp. 37-388 
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Steel Mains in Detroit, R. I Alk 


Mav 9 1949 


to 


14 
ACCEeSSI 


b ised on 


around 
welding 
welded in the industry 

least st 
long lines of weldin 
stiffener 
welded, permitting the use of 
cost per weld appears to be not over 


reiniorcements 


r ller we ld 


th 


eo 











































































e River Crossing 



















‘ Apr. 1942), p. 9 
UOxy-Ga "Troct Practical Appl ation ol 
ng, A. L. Hartley 4m. Soc. Mech. Engr Ad 
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y-Gas Proce Shorter Proce Auto 
414 (Sept. 1941), pp. 303-306 
i 4 z xya yl Proce Fla Descaling, 
Steel, vol. 110, no. 22 (June 1, 1942), pp. 81 and 8&4; 
‘ 42 yp. 86, SS and 115 
M H Facing Wear Hardne J. CG. Menzies 
Engr., vol. 27, no May 1942), pp. 45-48 
M Equipment by Welding Welding Engr., vol. 27, no. 4 
\ ay i iX 
N Gas Pipe Line Features Associated with Southern 
200-Pound Line, C. E. Terrell. Gas Age, vol. 89, no. 12 
42), pp. 13-15 and 27 
y-Gas Welding New Lease of Life for Wearing Parts by 
Gas Welding Power, vol. 86, no. 6 (June 1942), pp. 84-85 
Oxy-Gas Welding. Report of Committee on Gases. Nat. Fir 





tion Assn 


Quarterly, vol 





35, no. 4, pt. 2 (Apr. 1942), pp 






Penstocks, Testing Hydrostatic Tests for Shasta Dam Pen 
tock Eng. News Rec News Issue), vol. 128, no. 14 (Apr. 2, 
42), pp $—5 
Petroleum Pipe Lines. South’s New $20,000,000 Pipeline Put 

in Operation, Mfrs. Rec., vol. 111, no. 4 (Apr. 1942), pp. 28-29 

and 58 
Rails, Welding. Reclamation of Manganese Steel Trackwork by 

Are Welding, D. B. Rice. Can. Transportation (June 1942), pp 
j09—311 
Rolling Mill Practice, Billet Trimming 

and Alloy Steels, G. D. Winlack 

Apr. 1942), pp. 26-33 
Rolling Mills. Welding Saves Loss of Two Months on Slab Mill 

Blast Furnace & Steel Plant, vol. 30, no. 4 (Apr. 1942), pp. 459-460 
Shells, Welding. Safer Shells for War, B. J. 

Welding Engr., vol. 27, no. 4 (Apr. 1942), pp. 25-27 
Shipbuilding, Electric Welding. Fleet-Fillet Welding Speeds 

Production, A. F. Davis Naut. Gaz., vol. 132, no. 5 (May 1942), 

pp 99-25 
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Reclaiming 


By G. E. 










S MOST of us are well aware, it is becoming more 
and more difficult to purchase high-speed twist 
drills. The abnormal demand for drills, coupled 

with the drill manufacturers’ problems of obtaining the 
necessary materials, machines and skilled labor to pro 
duce them, makes it almost certain that the situation 
will not improve in the near future. It is expedient there 
lore to conserve carefully any stocks of drills that may 
be on hand and to use them with greatest care. If, and 
when, a drill is broken, however, it can be reclaimed 
with the oxyacetylene blowpipe at a small fraction of its 
original cost. 













Some time ago one plant instituted a program of re 
claiming drills by this method. Most of the drills in this 
plant are of 1S-4-1 high-speed steel (18°, tungsten, 4% 
chromium, 1°) vanadium), and are used for drilling 
armor plate and other alloy steels. They are quite ex 
pensive im comparison to carbon-steel drills and in these 
times are difficult to obtain. To date they have salvaged 


thousands of dollars worth of these drills at a cost of 
from 5 to 10%, 










of their original purchase price 








Types and Causes of Breakage 


In general there are two types ot breaks in twist drills 
he most common type is the broken or twisted tang. It 










* The Linde Air Products Co, Pittsburgh. I 
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Greaser* 
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Shipbuilding, Welding Are Welders Sew Up 
Ships, Ele West., vol. 88, no. 4 (Apr. 1942), pp. 56 
Shipbuilding, Welding 


Automatic Welding in Ship 


tion Engineering, vol. 153, no. 3976 (Mar. 27, 1942 
243 (illustrations), 250 
Shipbuilding, Welding Residual Str in Welded 


H. Pierce Pac. Mar. Rev., vol. 39, no. 5 (May 1942 

Shipbuilding, Welding. Straight-Line Production 
Cargo Ships, J. A. Corlett Naut. Gaz., vol. 132, no. 4 (Apr 
pp. 26-27 

Shipbuilding, Welding Unusual Features of Fabricat 
Hull Erection of 165-Ft All-Welded Submarine Cha 
Hughes Shipbldr. & Mar. Engine-Bldr., vol. 49, no. 394 
Int. No.)(Apr. 1942), pp. 93-94 

Shipbuilding Welding Practice in Ship Constructior 
Lond.), vol. 60, no. 1537 (Mar. 26, 1942 , pp 235-237 

Steamships, Ocean Vanguard 
and Canada 
146-147 

Steel, Straightening Flame Straightening, C. W. Hale 
vol. 110, no. 18 (May 4, 1942), p. 85 

Tools, Hand, Finishing. Safe-Ending Hand Tools, Safety 
vol. 83, no. 3 (Mar. 1942), pp. 32-33 

lrailers, Manufacture Trailers from Job 
Engr., vol. 27, no. 5 (May 1942), pp. 31-33 

Tubes, Welded Steel Welded Tube Production, J. | rt 
son. Western Flying, vol. 22, no. 5 (May 1942), pp. 46, 48 
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New British Ships from A 
Engineer, vol. 173, no. 4492 (Feb. 13, 194 
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Welders, Training 
ting Operators, D. E 
1942), pp. 34-38 

Welds, Stress Relief 
Welding, G. G. Landis 
74, 76 and 78 

Welds, Testing. Testing of Welds, H. N 
vol. 128, no. 3328 (Mar. 13, 
Rev., vol. 130, no. 3355 (Mar. 13, 1942), pp. 339-340 
bldr. & Mar. Engine-Bldr., vol. 49, no. 394 
Apr. 1942), p. 136 


rraining Oxy-Acetylene Welding and ( 
Roberts. Welding Engr., vol. 27, no. é 
Stresses and Distortion in High Spx 
Steel, vol. 110, no. 24 (June 15, 1942), py 
Pemberton Ek 
1942), pp. 226-228; see also 
also S 
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Twist Drills 


will be remembered that the shank of a drill whic! 
machined to a standard type of taper ts relatively s 
(between 275 and 300 Brinell) in comparison with thi 
fluted portion of the drill. The tang of the drill, which fit 
into the socket of the drill-press spindle, transmits 
spindle driving torque to the drill. Consequently it r 
ceives punishment, and under extreme conditions of 1 
proper seating, excessive feeds, excessive spindle spe 
or improperly ground cutting bit, the tang may be twist« 
or broken off and the drill rendered unusable. 

The second type of break, less common than the 
mentioned above, is one in which the drill 1s broke 
two at the point where the shank meets the fluted portio: 
usually it is broken because of carelessness on the part 
the drill-press operator, or because of an improper! 
ground bit. An operator may swing a mounted dri 
against the drill-press bed and the sudden impact wi 
cause it to snap; or an improperly ground bit may cau 
the drill to dig in and the torque impact will break tl 
drill rather than the tang. Breakage thus caused is 
creasing because of the present-day high-speed produ 
tion and a necessarily higher percentage of inexperience 
operators in machine shops 


Tang Repair 


Preparation of a drill for a tang repair is quite simple 
If the tang is twisted, remove the damaged portion wit 
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hack saw, but if the tang 1s broken off, no particular 
preparation is necessary other than to grind the rough 
surface of the break slightly. Clamp the drill in an up 
right position, tang end up, and then build up the new 
ng, using a welding blowpipe and a suitable rod. The 
blowpipe head size is governed by the cross section of 
the tang. It should, however, be held to a minimum 

For the first '/, in. of weld deposit, a 2X flame should 
that 1s, a flame in which the acetylene feather 1 
twice the length of the inner cone. After the weld has 
gressed to this point, the flame should be readjuste 
that there is only a slight excess of acetylene Phe 
iddle of molten metal should be carefully controlled 
ivoid blowholes. This may perhaps best be done by 
using a minimum flame and withdrawing it slowly at the 
nd of a pass Phe backhand technique of welding will 
lso help. Some welding operators use a flux for drill 
work but its value 


{ used 


yr 
) 


for this type of weld is somewhat 
juestionabl 

Figure 1 shows progressive stages in the sal\ 
lrill with a broken tang 1) 
the manufacturer; 


ig 
a new drill as received fron 
2) the broken tang; (3) the broke 
preparatory to welding 
a reclaimed drill ready for service 


Suriace ground built-up 


ng; and (5 


\fter welding is completed, the weld zone should be 
reheated to a dull red and then buried in asbestos wool, 
lime or other insulating material, and permitted to cool 

wly. When the weld zone is cold, a new tang is then 

und or cut on a milling machine 
1942 


Broken Shank Repair 


A broken shank requires a little more preparats 


a twisted tang A shank usually, 1 not nu riably 


breaks at its juncture with the fluted portion of the drill 
breakage in the flutes seldom occur except in extr 
drills Repair of a break of this type consists 
stituting a new shank for the old one and bronze-weldu 
it in place The blank tor the new shat ] é 
60-point carbon (0.605) carbon) or equal qualit 
should be of the same diameter as the drill 
Bevel the broken surface on the fluted sect1 
ing it to a bevel angle of 20 to 30°., leaving a land about 
in. in diameter in the centet The angk bevel 
should be held to a minimum, particularly in the larger 


drills, as the 
tedious to grind 


size hardened high-speed steel 1s quit 

Bevel the shank blank to an angle ol 

15°, likewise leaving a '/,-1in. land im the center rhis 

prt cedure provides a welding vee of a 65 to 70” included 
' 


angle, and also simplifies the lining-up of the dril 


the new shank 
After the two parts have been lined up in \-blocks, 
weld them together, using a bronze rod, and a flame with 


a slight excess of oxygen. In order to insure good tinning 
action on the surface of the high-speed steel the heat must 
be carefully controlled, concentrating it mostly on the 
shank side of the weld. Some operators feel that a litt 
Ferro flux mixed with the Brazo flux aids the tinning, but 
here again the value of the Ferro flux is questionabk 
Build up the weld so that it is larger in diameter than the 
drill. When it is completed, reheat the weld zone to a dull 
red or a little less, and then place the drill in the annealing 


bin to cool slowly 





’ 
Fig. 2—A New Shank Welded on to a 3-! Befor« 
Machining 
Fig. 3—The Same Drill Show Fig Aft M j 
Operat 
After the drill 1s cold, 1t 1s chuck 
new standard-type taper 1s turn 
When a blank of the same diameter the 
eccentricity developed during the wel 
be taken care of in the excess machinu t 
The built-up bronze of the wel 
down so that the collar 1s somewh ( 
than the drill Leave the widt!l 
however, to serve reintorcement 
From the lathe the drill is sent 
where a tang is cut in the new shat 
Figure shows a reclaimed 3-1 [ t 
pl iced in the lathe | Fig SI 
the turning and milling operations wet 
to go back into service m just as 
new 


RECLAIMING TWIST DRILLS 557 













lo restore the drop hammer to service with a mi 
Cracked Drop Haz } } | ] 1eT of lost production time it was decided, rather 


gouge and weld each of the nine cracks, to cut 


Frame Repaired by _ Eiiis ittiective Section ana reptace i! wit 


1 


patch. Accordingly a piece of 1'/,-in. rolled 
W ldi plate was flame cut to match the removed secti 
e Ing the edges of both the patch and the casting wer 
using a flame-gouging tip 
[wo men working alternately welded the 1S by 
By A. P. Demmer’ plate into place in 18 hr., and the drop ham 
promptly restored to active service The weldi 
done in four passes, using all-position shielded ar 
ing electrodes. Ordinarily a clean-up weld woul 
been added but since the completed weld already 
sented a strength at least equal to that of th 
itself, beauty was neglected in favor of putting the 
hammer back to work without further delay. 
Operation of the repaired machine has been 
pletely satisfactory. Without the aid of weldin; 
restoration to service of this heavy machine woul 
entailed not only a much greater expense for a rey 
ment casting, but also many months of delay and | 
war production 






HEAVY drop hammer which had given years of 
service in forging out horseshoes, and more 
recently was put to work hammering out wren 
ches on war production work, finally began to give way 













A few cracks developed in the main frame casting, but 
since production schedules had to be met the drop 
hammer was continued in service until finally 1t became 
unsafe to operate. Nine cracks had developed from a 
defect in the casting, and had worked their way 16 to 20 
in. across the frame 














Fig. 1 Fig. 2 
1, ws Seen . inlet Santen te rvice after welded repairing, the drop hammer: 
irop hammer frame has been patched Again in service after welded repairing, the drop hamme 
with '/,in. boiler plate, replacing defective metal which had be- inactive for only one day while the 18 by 24 pat at le 
ks that it was unsafe to operate. (Long welded into place. Since the machine is used on war produ 
work the shortness of the delay was important Close-up sh 





ANNUAL MEETING 


American Welding Society, Hotel Cleveland 
October 12-16, 1942 


Plan to Attend! 























Clear the Lines for the War 


Before you make a Long Distance telephone call 


today, ask yourself these questions: 
l. Is it necessary? 
2. Will it interfere with war calls? n 


The weight of war on the telephone lines is heavier 

+ every day. We can't build the new lines to carry * 
it because sufficient materials aren't available. 

+ We've got to make the most of the service we m 


D now have. 


* Please give a clear track to the war effort by * 
confining your Long Distance calls to those that 


are really necessary. 
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COME FIRST 
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AMERICAN WELDING SOCIETY 


ACTIVITIES = 


RELATED 








EVENTS 








QUARTERS—-ANNUAL MEETING 
CLEVELAND HOTEL 


he Socrety has received word from the 
Cleveland Hotel that rooms will not | 


y 
held in reserve for members and guests of 
the AMERICAN WELDING 


than September 15th 


SOCIETY later 
rhe hotel recom 
mends that all reservations be in by 
September Ist so as to insure 
located at the Cleveland Hotel 
rhe Housing Bureau—designated by 
Management of the National Metal 
Congress and Exposition, and on which 
every society participating in the Congress 
h representation 


being 


the 


as plans to meet in 
Cleveland on or about August 15th At 
that time assignment of rooms will be 
made It is recommended, therefore, that 
if you wish choice location in your Hotel 
Headquarters you get in your reservation 
immediately. Notification of room assign 
ment will be sent out on September Ist 
Again you are urged to get in your appli 
cation not later than September Ist if 
you are planning to attend the Cleveland 
Convention 


THE PRESIDENT'S MESSAGE 
By G. F. Jenks 


rhe Society has completed its plans for 
the Annual Meeting. It has formulated 
educational programs directed to the 
speeding up and perfection of the war 
program. It recognizes the part that ad 
vances in engineering practices through 
research play in this world struggle. Its 
program of technical papers includes re 
ports on progress in research and in design 
and production engineering It covers 
aircraft, ships, ordnance and the many 
products of war 

There are no distinct lines of cleavage 
between branches of engineering. The 
welding engineer is concerned with metals 
and with structures. He needs a knowl- 
edge of the methods of production, fabri 
cation and testing of stresses and stress 
concentrations and of the fundamentals 
of materials and design. Through par 
ticipation in the Metal Congress the So 
CIETY offers its members the opportunity 
not only of hearing but of taking part in 
the discussion of papers, of contacting the 
leading engineers in the fields of welding 
and of metals, and of obtaining the advice 
of the industrial engineers present at the 
Metal Exhibition. In no other place and 
at no other time is there gathered the 
nation’s talent in the welding and the 
metals industries 

he success of our war production pro 
grams depends upon cooperative effort 


AMERICAN WELDING SOCIETY HEAD- 


No single individual or single organization 
can carry on all the development work r« 
quired for any single product 

The rate of industrial and scientific de 
velopment is increasing. In some fields 
textbooks become obsolescent in a few 
years, in others texts are still to be written 
Periodic literature is of growing volume 
but does not cover all development work 
nor include the latest investigations 

Personal contacts and conferences must 
be utilized if the individual engineer is to 
take advantage of the developments of in 
dustry. There can be no substitute for 
these direct relations The Metal Con 
gress affords an unusual opportunity for 
these contacts 

The value of these contacts is not limited 
to the information obtained for the solu 
tion of our current problems. Each in 
dividual attending the Congress cannot 
but be stimulated to deeper thinking and 
inspired by the spirit that pervades th 
whole assemblage 


The Soctrety, in the organization of it 
annual meeting programs and in the work 
of its technical committees, receives sur 
prisingly few suggestions from those mem 
bers who are not charged with direct re 
sponsibility It can but follow that the 
Socrety is not accomplishing all which it 
membership desires Our committe 
and staff may take pride in what the So 
CIETY is doing, but there is still a need 
for greater cooperative effort for the bene 
fit of industry and the nation. It would 
be of great assistance to the management 
of the Society if our membership and 
friends pointed out where and how the 
Society might be of greater service to its 
members, the community and the nation 
It is hoped that the disclosures of the 
annual meeting will stimulate many to 
set down on paper ideas for the improve 
ment and extension of our SocreTy’s 
service. 


MINIMUM REQUIREMENTS FOR IN- 
STRUCTION OF WELDING OPERATORS 


The AMERICAN WELDING Socrety has 
recently approved and published a new 
tentative standard, entitled ‘‘Code of 
Minimum Requirements for Instruction 
of Welding Operators, Part A—-Arc Weld 
ing of Steel */:, to */, In. Thick.’’ This 
Code was developed over a period of two 
and one-half years by an A.W.S. technical 
committee, and fills an important need 
in the welding field 

The Code as published represents a re 
vision of the “proposed code” that was 
published in the September 1941 issue of 
[He WELDING JOURNAL for the purpose 
of eliciting comments, suggestions and 


560 


criticisms In the process of 





the Code was considerably expanc 





ticularly with respect to the supy 


rh 


tary material given in the append 






Suggestions to persons organizing 
in metal arc welding. The sectior 
main body of the Code include 
ment and facilities of the school, qua 
tions and duties of the instructor 













tion in welding practice, instruct 
welding theory, and final tests. Th 
nine appendices of suggested and 
mended material, as follows 


accessory equipment for welding 





























recommended design of positioning 











ment, recommended designs of 
apparatus and their application 
mended safety rules for student ar 




















ing operators, welding electrodes, - 

















gested arc-welding exercises 


form of! 











student progress chart 
mended form for record card, a1 






selected bibliography ol publicat 
lating to arc-welding instruction 


Chis Code was published in the for 









68-page booklet with a heavy paper 






and is available at 50¢ per single copy 





discounts for quantities. Order 





be accompanied by che k, money 





cash, and addressed to the AME! 
WELDING Society, 33 West 39th St 
York City 


























SPOT WELDING OF ALUMINUM ALLOYS 
IN AIRCRAFT 


























The AMERICAN WELDING SOCIETY ha 
recently approved and published a cf 
mittee report on the above subject 























titled ‘Emergency Standards and Recor 
mended Practices and Procedures for 5} 
Welding Aluminum Alloys.’’ This report 
is the result of nine months of conc 
trated work by the Committee and repr¢ 
sents tentative 















































recommendations [ot 
standards of weld quality and performanc« 
as well as general recommendations of th 
best practices and procedures to be fol 
lowed in spot welding of aluminum alloy 
in the aircraft industry. It also conta 
a general discussion of the theory of sp 

welding, particularly as applied to alumi 
num in the aircraft industry. The su! 
jects covered include standards of wel 
quality, surface preparation for spot wel 

ing, welding technique, methods of test 
ing, methods of inspection, design of spot 
















































































welded parts, welding equipment and i1 








stallation, as well as a short dissertation ¢ 








personnel requirements and productio! 
methods 











The report was prepared by 





committee composed primarily of welding 














engineers of various aircraft compani 








and is an attempt to provide a practical 





guide and a reference book to any one ¢! 
































FOR PERFECT 
CONTROL OF 
CYLINDER GASES 





EMPTY CYLINDERS 
WASTE PRECIOUS TIME 


M oocor: h Ip to send empty 


cylinders to refill plants; they reduce gas wastefulness and 





save precious operator hours. 










or floor types) are 


VICTOR Cylinder Manifolds (wall 


sturdily constructed and the center control section so 






designed that the two cylinder banks may be discharged 
x ' ‘ 






simultaneously through either one or both regulators. This 






arrangement takes care of the peak-hour loads and, in case 






of regulator seat failure, permits that regulator to be cut 





out of the manifold without service interruption. 


VICIOR EQUIPMEN] COMPANY 


844-54 FOLSOM STREET * SAN FRANCISCO 
3821 SANTA FE AVENUE «+ LOS ANGELES 
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t welding of alu 
report was published by the 
WELDING SOCIETY, 


ew York, N. Y., in the 


gaged in spo 
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ind th 








h for the War l 
National Defense Re 
of the Office of Scientific Re 


nd Development 


eseal 
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mmittee operat hrough three 









jor section the first, formulatin ind 


researe h 


+} 





project the econd 
operation of these r 
third section ¢ 
the committee work with 





ind the orrelat 









var metal 












lurgical earch of other government 
igen industrial and university research 
departments and with foreign research 

The Metal ind Minerals Advisory 
Committee of the Academy serves both the 


War Produ War Metal 


tion Board and the 
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MANIFOLDS 

REGULATORS 
VALVES and 

FITTINGS 


to control high 







pressure gases 


~BASTIAN- BLESSING” 


4241 PETERSON AVE CHICAGO 





Pioneers and Manufacturers of Precision Equipment for 
Using and Controlling High Pressure Gases 






ommittee on problems involving TEN THOUSAND LABORATORY Frank B. Jewett, President of 
production, substitution and conservation EXPERTS AND SCIENTISTS TO ional Academy of Science innot 
of strategic material HANDLE WAR METALLURGICAL ults of eighteen months’ operat 
Clyde Williams, Director of Battell RESEARCH the Academy’s Metals and Miner 
Institute, Columbus, Ohio, is Chairman of How 128.000 Men Years of Research visory Committee and outline 
both committe Louis Jordan, National Experience and Confidential Laboratory the new War Metallurgy Commi 
Academy of Sciences, Washington, i Data Are Being Brought to Bear on the The Metals and Minerals A 
Executive Secretary Problems of Metals for War Committee for the past eighteet 
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WEL 
LCLAD 
ASTER! 


Preparing Surfaces NEW Oakite Way Helps 
You Speed Production, Improve Results! 





Are you spot welding Alclad or other aluminum alloys? 
Want to do this work faster, better? Then FIRST 
prepare surfaces the NEW, safe Oakite way! By 
thoroughly, speedily removing oil, grease, stamping 
compounds, identification paint and oxide films, it 
consistently produces low surface resistance, thus en 
abling machine operators to make MORE UNIFORM 
welds...and turn them out on a FASTER schedule! 
Special 13-page technical bulletin giving details avail- 
able FREE on request to production and engineering 
executives. 


OAKITE PRODUCTS, INC., 18E Thames Street, NEW YORK, N. Y 
Representatives in All — Cities of the United States and Canada 


OAKITE 4a TOI 













ATERIALS FOR EVERY CLEANING REQUIREMENT 
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COATED 
ALUMINUM BRONZE 
WELDING ROD 


Here is a new all-purpose coated bronze electrode 
that is particularly suited for metallic arc welding 
brass and manganese bronze. 


In welding large manganese bronze castings, the 
physical properties and “hot ductility” of this 
electrode make it possible to arc weld without 
extensive pre-heating, and secure in the weld 
physical properties and corrosion resistance 
equal to that of the base metal. 


In welding brass sheets or plates, the high tensile 
and yield strengths and good elongation of 
Ampco-Trode 10, provide welds that equal the 
physical properties of this wrought metal. 

Ampco-Trode 10 coated weldrods may be used 
for metallic or carbon arc welding and for oxy- 
acetylene welding. They are made in 7 sizes— 


‘a se 
Lo" to % 


Ask for literature describ- 
ing Ampco-Trode 10 and 
other bronze electrodes. 


Sent free on request. 


AMPCO METAL, INC. 


Department WJ-8 


Milwaukee Wisconsin 


AMPCO-TRODE 
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The Metal Without An Equol 
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To Function as Nerve Center and, if the request is urgent 
h 1 r | Tt) “~¢ 
War Metallurg aay a plan of pro 


submitted 


Furthering War-Winning Resea 


country 


no 


tv 
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1 
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Comn 
the army and tl 
War Produ 


appral al 
Scientific Research and Development 


se problems and possibilitic 
referred to it b the War 
Board or the Offi 


ervices of any ot metallurgical ri 


earch, personnel and faciliti Chere ar 


w War Metall 
Williams, Direct 
emorial Institu Colum! 
hairman of the Advisory Committe« 
hairman of the new W Metal 
lurgy Committe vhich has primarily Saving Time, Mistakes and Money Another important function of 
been set up to appraise and conduct needed Metallurgy Committee is to d 


the navy One of the basic considerations in the make available to those properly int 


of 10,000 such individuals in thi 
and Development 
ountry, and their combined « 


19 


its well over 125,000 man yt 
English and Canadian Resear 


vork—for the army, 
er governmental departments a operation of this Committee is that of the through their participation in tl 
industry iving of time, the saving of mistakes and effort the results of both Canadi 
the function of this committee to the saving of money. When the problem English metallurgical research. O 
data and information as requested is proposed, through either the War Pro both Canada and England hav 


the War Production Board or duction Board or the Office of Scientific many of the same problems whi 


either h 
the Office of Scientific Research and Ds Research and Development, immediate this country and the inter 

velopment, through its National Defens« action can be obtained by telephone com information, through the proper 

Research Committee, and to plan, present munication with the leading scientists on makes available to all the best thinki 
and supervise definite research project that particular subject; initial Committes and practice of scientists and industri 


for either war materials or armament meetings are often held within twenty-four on both sides of the Atlantic 
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EFFICIENT 
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DEPENDABLE 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


60 E. 42nd St. NATIONAL CARBIDE CORPORATION New York, N. Y. 
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Another example of modern, efficient 


WELDED CONSTRUCTION 
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CHICAGO BRIDGE & IRON COMPANY 


Chicago 2455 McCormick Bldg. Birmingham 1507 North 56th Street Washington 632 Washington Bk = 
New York .3398—165 Broadway Bldg. Tulsa 1654 Hunt Bldg. Philadelphia 1668-1700 Walnut Stre 
Cleveland 2282 Guildhall Bldg. Houston 5621 Clinton Drive San Francisco 1097 Rialto mide. 
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Definite Research Projects 


[ypical of the problems referred to tl 
ymimiuitter 
welding prox ( 4 subcommittet 

imme ippointed, 
1 all available known data 
ngineering foundatior 
lepartments of busine niza 
The Project Section of the War 
llurgy Committee worked up t 
indicated h procedure 
National Di 


and the Off 


Developm 


involved i 


may t 
stated Dr 
ure of the rese: 
for data and proj 
Production Board 
substitution of 1 
ilver for tin-lead soldering of tin « 
ised for food product Since tin is th 
one important metal which is not found in 
the United States, even in low-grade or¢ 
it 1s obviously important that the con 
ervation of the present use of tin is urgent 
Since a great proportion of the total 
consumption of tin is used in soldering, 
the substitution of lead-silver for tin-lead 
soldering is immediately dictated, but the 
problems involved, in certain canning pro 
esses, are such that definite research 1 
needed before such substitution can be 
ordered 
This research project was prepared 
through the Project Section of the War 
Metallurgy Committee and will be ad 
ministered through its research section, the 
work being done in one large university 
research laboratory, in cooperation with 
the National Canners Association 


Committee Membership 


Indicative of the type of scientists and 
organizations represented, is the make-up 
of the War Metallurgy Committee and 
the Advisory Committee The War 
Metallurgy Committee is composed of 
twenty-six members, as follows 


one asking for improvement 


Clyde Williams, Chairman, Director, Bat 
telle Memorial Institut 
Ohio 

Zay Jeffrie . Vice-Chairman, 
Research, General Electri 
Cleveland, Ohio 

Louis Jordan, Secretary, National Acad 
emy of Sciences, Washington, D. C 

Carl Breer, Vice-President, Chrysler Cor 
poration, Detroit, Mich 

Dr. Lyman J. Briggs 
Bureau of Standards, Washington, D.C 

Col. H. H. Zornig, Ordnance Department 
Watertown Arsenal, Watertown, Ma 

James H. Critchett, Vice-President 
Carbide & Carbon Research Labs 

w York City 
Col. R. S. A. Dougherty, Manager, R¢ 


earch & Development, Bethlehem Steel 


Columbu 


Director of 
Company 


Director, I » 


Union 


Company, Bethlehem, Pa 

Rudolph Furrer, Vice-President, A. O 
Smith Corporation, Milwaukee, Wi 

Dr. H. W. Gillett, Chief Technical Adviser 
Battelle Memorial Institute, Columbu 
Ohio 

S. D. Heron, Ethyl Gasoline Corporation 
Detroit, Mich 

Dr. R. P. Heuer, Vice-President, General 
Refractories Company, Philadelphia, Pa 

Col. G. F. Jenks, Ordnance Department, 
Washington, D. C 

Dr. John Johnston, Director, Research 
Laboratory, U. S. Steel Corporation 
Kearny, N. J 

Dr. Vsevolod N. Krivobok, Director of 
Research, Lockheed Aircraft Corpora 
tion, Burbank, Calif 

Frederick Laist, General Metallurgical 
Manager, Anaconda Copper Mining 
Company, New York City 

Dr. W. K. Lewis, Head, Dept. Chemical 
Engineering, Mass. Institute of Tech 
nology, Cambridge, Mass 

Dean C. E. MacQuigg, College of Engi 
neering, Ohio State University, Colum 
bus, Ohio 

C. E. McCuen, Vice-President, General 
Motors Corporation, Detroit, Mich 

Dr. Robert F. Mehl, Director, Metals 
Research Laboratory, Carnegie In 
stitute of Technology, Pittsburgh, Pa 

Dr. Paul D. Merica, Vice-President, The 
International Nickel Co., Inc., New 
York City 

Dr. Gilbert E. Seil, Technical Director, E 
J. Lavino & Company, Norristown, Pa 

Captain Lybrand Smith, Office of Co 
ordinator of Research & Development, 
Navy Department, Washington, D. C 


7 x gE, 


~ ill 


Spot welding speeds plane production. 


production 


Dr. F. W. Willard, President 
Smelting & Refining Company 
York City 

Dr. Robert S. Williams, Head. D 
Metallurgy, Mass. Institut: 
nolozy, Cambridge, Mass 

Col. A. E. White, Universit 
Ann Arbor, Mich 


ANNUAL MEETING AMERICAN 
SOCIETY FOR TESTING MATERIA 


hat there has been little, if any 


on in standardization and resear 

enzineering materials as carried « 

the American Society 

rials was evident from 

tion of me nbers, committee member 

guests at the Forty-Fifth Annual M 

Id at Atlantic City, June 22nd t 

total fi 


l 
] 
if 


sure reaching 1376 whi 
200° ladi 


rs of the members’ famili 


incluc more than 
his did not quite reach the Atlanti 
figure of 1441 at the 1940 annual m«: 
and is below the figure for Chicag 
year, it is an excellent attendance r 
considering present conditions. R« 
tion for the first two days, totaling 
was the highest of any year. Atte 
it the various sessions and con 
meetings was very good, the Sympo 
on Radiography, Session on Alter 
Steels and the Round-Table Discu 
Water each 
present 


While a number of the committe: 


having several hut 


meetings at a minimum, there wer 
more than 200 throughout the week 
More than 55 new tentative standa 
were approved for publication as tentat 
and some 70 existing tentative specif 
tions are to be referred to Society let 
ballot for adoption as standard 
figure is frequently higher in Book 
Standards’ year (the combined Book 
Standards will be issued in November 
this year) but the tempo of adopti 
standards has increased in recent y¢ 
and many more were adopted last y 
than in corresponding years. Includ 
emergency specifications now totaling 
the Society will have in its 1942 Book 
Standards some 1100 specifications, t 
methods and recommended 
rhis figure compares with 667 in 1932 


practi 


335 in 1922 


‘WELDING ELECTRODES 


Seam welding speeds shell 


Flash and butt welding speed tank and jeep production 


Mallory tips and holders, wheels and dies speed resistance welding 


all along the production front. 


Write today for your free copy o! 


the factual Mallory Resistance Welding Data Book. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA « Cable 
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Address — PELMALLO 


* . 


AUGUST 





VV HIGHER CONTACTOR RATINGS 
VY LONGER CONTACT TIP LIFE with 


SYNCRO-BREAK 


RESISTANCE WELDER 
CONTACTORS 
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Elimination of arc heat at contacts 
makes derating unnecessary —and con- 
tact tip deterioration is greatly reduced. 
Adjustment is not critical and synchro- 
nization is stable. 











F Arcing is eliminated by separately ener- 
gizing the magnet “shading” coil from 





the secondary of a small transformer. 
















Correct rheostat adjustment causes con- 






tacts to part at instant when alternating 
current approaches zero— thus breaking 






the circuit when no current is flowing. 






Condenser connected in parallel with the 





load overcomes normal tendency of arc 






to restrike after tips have parted. 










MECHANICAL DESIGN 







The primary circuit of a resistance welder trans- 
former must be broken consistently and as often as 300 times 
per minute on some applications. Elimination of arcing 
improves contactor electrical performance, but mechanical 
design features are also important. 
















Knife edge bearings require no lubrication and assure long 
mechanical life. 













Low inertia moving parts and short contact gap permit high 
speed operation. 


@ Large copper contact tips butt against solid supports, relieving HIGH SPEED welder contactors 


studs of impact and conducting away heat. 







When operation is less frequent and 
@ Shims, inserted behind stationary contact post, compensate for loads are lighter, the H/GH SPEED 
contact wear. contactor is well applied. 







Both single and double pole types 
are available. Construction is similar 
SQUARE TI} COMBANY - to that of the SYNCRO-BREAK con- 
ee ae tactor, with synchronizing circuit 
DETROIT- MILWAUKEE -LOS ANGELES omitted. A strong blowout coil quickly 
KOLLSMAN INSTRUMENT DIVISION, ELMHURST, NEW YORK extinguishes the arc while a refractory 
a eee ee ee arc chute confines it to a safe path. 












ADVERTISING 





NBC TO BROADCAST PROGRAM ON Bombs and Gas. Sid VICTOR CATALOGUE 
THE ENGINEER AT WAR’ ey D. Kirkpatrick, Pr 


<j 
pene Inst Chae With the American output of ai 

Beginning Thursday, July 16th, th ngrs.. and Dr Arthur ships and munitions of war dep. 
tional Broadcasting Company will 0% Rav largely on welding, Victor Ex 
cast from 6:30 to 6:45 P.M... ove 


tionwide network and possibly als 


jul 
\rhe Resistance of Structures Company of San Francisco issued a 
Prof. H. E. Wessman. New ome 64-page catalogue which tells } 
Waals Cintmerelon Walter flame-cutting and welding appara 
D. Binger, Commissioner speeding esd industrial production 
of Boro Works, Manhattan Coast to Coast 

according to an announcement made pub Anenat 6 fhe Navy. Ships. Admiral Mindful of the Government’s p 
lic today by Dr. R. L. Sackett, of The S BM Robiness conserve man power and tires, ordir 
American Society of Mechanical Engi Dry Docks and Ship Repair required by salesmen,”’ said E. L. M 

Bases. Rear Admiral Ben _V'¢e-President, “we have produc 

AS arnoit largest and most comprehensive cat 


hort wave a series of elev radio pro 
grams dealing with the tributions of 


engineers to the prosecution of the war, 


neers, member of a committee represent 
ing the national engineering societies 
According to Dr. Sackett, the idea ol 


Tanks and Tools, prepared by in twenty years to make our approa 
telling the world by radio about engineers 


Chrysler Corporatior industry The book, profusely illu 
and their war activities came from a series Airplanes prepared = is designed to assist the manufactur 
a : 7 ing a wise select f gas weldir 
Wright Aeronautical Corp naking a wise selection of gas welding 
vifttir y . 7 , ; 
Petroleum Production > CULES Cquspmen 
pared by Robert E hans Outstanding color work in the cat 


of radio programs put on the air in 1941 
by the American Institute of Electrical 
Engineer rhe succe this serie 


led Scene eae Society ae Engi Pres.. Pan Americat : ee the use and constructior 
er l merical nstitute of ning ’ 1 
e Am an I f Mining leum Company ; 


Engineers, The American Societ of Me Powet Hydro. Steam Ele found in technical publication 
chanical Engineers, The American Insti eric Glen B Warres dreds of vital parts of the apparat 
7 i < i 
. , 5 cros r ored blue 
General Ele« Co., and pread across richly colored blu 


tor equipment in a manner 


tute of Electrical Engineer and «The 
American Institute of Chemical Engineer others gold and brown backgrounds Phe 
S Ene : - accompanied by scores of black and w 
ngineers ; 
Peace and War reproductions of parts and equip 


le program and report to each Society , ‘ Consmuisicatios ; cae The untouched photographs and 
SJLLiihi bihite« VUlis ‘ i 


to appoint three representatives of each So 


ety toftorm a committee to consider a pos 


Dr. James Rowland Angell, Public Ser 
vice Counsellor, National ! ‘ I 
Corporation, was consulted and encour SYMPOSIUM ON RADIOGRAPHY OUT- utting for service workers and engi 
aged the committee to prepare a progran STANDING FEATURE AT A.S.T.M rt 
which would reflect the varied contribu ANNUAL MEETING 


tions Of engineers tot prosecution tl | 


ompanying technical material, tak 


gether, form a handbook on welding 


1e book is being distributed to 
} 


trial concerns, engineers and 


nquestionably the outstanding fea libraries throughout the United Stat 
war program ture of the Forty-fifth A.S.T.M. Annua 
Che committee bega el t101 Meeting was the Symposium on Radi 
before Pearl Harbor was attacked pl 


ses rapl 
rip under way on black« 


ly comprising 13 technical paper CORROSION AND FATIGUE EVALUA- 
nted in three sessions Arranged by TION OF METALS 

» structure ne ¢ r imiitt E-7 on Radiographic Testing 
aid Dr. Sackett, emphas headed b H. Lester 
importance of the 


The National 
ind the Offi ol 


husiastically endors 


acquaint th ngineering 
the most re 1 evelopn 

radiography 
proposal and have when 
their help and approval of 


ubmitted. Controversial 0-page public: 
included in the broadcast d change fir f its kind the English languag metal used im Flexural fa 
made when requested by OCD up , 


ave been phenomenal increases i tes letermined the fatigue In 


minute that a program goes on the 


] 
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applied voltage, more extended use ¢ tainless steel sheet specimens befor 
In this way the latest and authorita radium, and a much wider diversificatior r prolong exposure im marine 
information will be give ot produc ts investigated thes testtt vironments The rate of corrosion 
he material has been prepared by method relatively rapid during the initial 
eminent men or by those selected from In the discussion of radiography o of exposure, but thereafter a near ar 
their staffs because of special knowledge welds and weldments, it was indicated n the attack occurred Panels ¢ 
he scripts have then been woven into a that much of the present-day productiot he marine atmosphere suffered 
" 


t } > th ath } 
ory which presents a few of the striking from welding, which damage, for the same period of expos 


features of the part played by engineers in turn has greatly increased the number har 1ose which were wet period! 


, ; he + Sald : : ee 
in some of the more important fields of radiographic testing unit I 1st ot Dy tidewater The method permitts 


speed has resultec 


rogram ts as follows 


ul 


only in the pressure vessel field but for reliable evaluation of the damage result 
Blackouts. Representative of 


OCD and Samuel G. Hib 
ben, Westinghouse E. & M 
Co 


spot checks in other structural weld from corrosion 

Similarly, the field of gamma-ray radiog Another contribution covered the 
raphy is expanding. Also explained were ation of fatigue damage of steel by 
some of the advantages of the million plementary tension-impact 


Protection Agait neendi volt X-ray unit work on fatigue damage is very import 





ELECTROLOY ALLOYS for RESISTANCE WELDING ELECTRODES and DIES 


Spot ELECTROLOY ALLOYS were developed specifically for the resistance welding industry. ELEC- 
| —. ie cover the full range of physical properties necessary to the manufacturers and users 
of resistance welding equipment. 
no Our — will be glad to make recommendations for your special electrodes. Submit samples or 
. ; specifications. 
Projection Catalog and prices available on request. 


THE ELECTROLOY COMPANY, ImC. 1600 Seaview Avenue, BRIDGEPORT, Connecticut 
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Ls, HOLLUP A.C. ARC WELDERS 
; NOW READY FOR WAR WORK! 
Giving You... 


ij = 1. Perfect Arc Control 
oon hee = 3 2. Fractional-Amp Adjustment 


3. Reactance built into Main 
Transformer ~ 


4. Two Open Circuit Voltages 
5. High Power Factor 
6. No Magnetic Field Loss 

















WELDING 
AnUAL 











New bulletin giving full descrip- 
tions and specifications of these 
new Hollup A. C. Welders sent 
free upon request. 


Hollup Instruction Manual for A. C. 
and D. C. Welding. A 125 page il- 
lustrated book that includes 16 
complete lessons and detailed pro- 
cedures for all Hollup Electrodes. 
Sent postpaid upon receipt of 50c 
for each manual ordered. 

















UTILITY MODELS 
Low cost Welders for the. 
small shops. 16 heat changes 





























205 W. Wacker Drive Chicago, Illinois 
Office in Principal Citiés 


imce many service’ failure | oad 
bearing members are due to fatigi Che 
authors pointed out that aircraft are 


particularly vulnerable in the sense that 


t 


failure without warning of a working part 


n flight may result in the total loss of 
plane and occupants No appreciabk 
loss in tension-impact resistance or 


elongation during impact resulting from 
prior repeated overstress in fatigue was 
noted in Haigh axial-loading specimens 
in the pre-crack stage except for cases 
where the mean tensile stress and stress 
amplitude were high enough to cause 
permanent sets of more than 0.01 in 
during fatigue stressing. Such conditions 
are improbable in service and would be 
easily detected With the formation of 
fatigue cracks, however, the situation 
was changed Even the smallest de 
tectable fatigue usually 
accompanied by substantial losses im 
tension-impact resistance An adverse 
low-temperature effect a3 C re 
quired the presence of a fatigue crack of 
easily detectable size 


cracks were 


therefore, no 
adverse low-temperature effect may be 
expected as a result stress in the pre-crack 
stage of fatigue 

D. J. McAdam, Jr., National Bureau 
of Standards, presented another in his 
series of papers covering the influence 
of the combination of principal stresses 
in fatigue of metals, in which he stated 
again the evidence that cohesive strength 
of a metal cannot be represented by a 
single stress value, but comprises an in 
finite number of values depending on the 
combination of the principal stresses 

rhe annual report of Committee A-5 
on Corrosion of Iron and Steel which 
has sponse red so many important § re 
search investigations in its 36 years of 
existence again tabulated the record of 
failure in the copper and copper bearing 
material exposed at Annapolis since 1916, 
with semi-annual inspection from that 
time on through 1942 The data con 
tinued to demonstrate the efficacy of 
opper in reducing failures due to atmos 
pheric exposure Another part of the 
report discussed results of inspection and 
failure on galvanized corrugated sheets 

Appended to the annual report of the 
Research Committee on Fatigue of Metals 
was a report by Prof. H. F. Moore and 
an associate, covering the effect of size 
f specimen on fatigue of three types of 
teel, two carbon grades and a chromium 


molybdenum type Five different size 
pecimens were tested as cut from 3 or 
in. in diameter bars The results 


howed a maximum size effect of about 
per cent of the endurance limit for 2 

in. specimens of the S.A.F. 1020 steel 

There was a tendency for the endurance 

limit to become constant for specimens of 
in. minimum diameter and larger 












the base metal. 
matching color. 








EUTECTIC WELDING ALLOYS 


STEEL AT A.S.T.M. ANNUAL MEETING 


Notable in the A.S.T.M. session de 
voted to steel was the report of Com 
mittee A-1l as presented by Normal | 
Mochel, chairman, also the paper dis 
cussing the comparative quality of con 
verter cast steel Many important 
recommendations were acted on as ret 
ommended by the Society’s Committe¢ 
on Steel Particularly important wers 
those in the field of pipe and tubing wher« 
a new method of determining elongation 
values based on pipe wall thickness is 
being established in two of the country’s 


most basic specifications for welded and 
seamless steel pipe (A 53) and for lap 
welded and seamless steel pipe for high 


temperature service A 106 Also 
incorporated in these standards is a new 
method of determining flattening test 
requirements by means of a formula which 
establishes more rational values based on 
pipe sizes and grades These two speci 
fications will also permit the use of acid 
bessemer seamless material and _ the 
electric resistance welding process. Two 
new pipe specifications were approved 
at the annual meeting, one covering 
copper-brazed tubing suitable for general 
engineering uses, particularly in the 
automotive, refrigerator and stove in 
dustries for fuel lines, oi] lines and so 
forth. The second specification covered 
welded alloy open-hearth iron pipe which 
is made from a highly refined iron pro 
duced in the basic open-hearth or electri 
furnace with which is alloyed in a solid 
solution a minimum of 0.40 per cent 
copper and 0.05 per cent molybdenum 


SALVAGING TOOLS 


As a contribution to the war effort 
following the lines of the War Production 
Board, Eutectic Welding Alloys, Inc. of 
1) Worth St., New York, N Y has 
printed a special folder covering the sub 
ject of salvaging tools and machine parts 
which is one of the biggest bottlenecks 


in today’s production 


LINCOLN ELECTRIC GIVES SERVICE 
PINS TO VETERAN EMPLOYEES 


Among the 206 veteran employees 
whose tenure of service ranges from 10) to 
35 years the following members of the 
Society received awards on Wednesday, 
July Ist: 

James F. Lincoln, president and general 

manager, period of service over 35 

years 
J. C. Lincoln, chairman of the board 

and treasurer, period of service over 

35 years 


It binds without melting 


This means high strength... 
It means less stresses... less 
warping ... less preheating. 
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A. F 


Davis, vice-president 


a 


tary, period of service 25 vear 


C. M. Taylor, vice-president 


m 


anager, period of service 2° 


Phere were 26 employees in th 


group 


it} vea 


66 in the 15-year and 
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SILVER ALLOY BRAZING OF 
FABRICATED COPPER PIPING 


4 very interesting paper ha 


pared 


Lucas 


by J. C. Powers, Jr., and H 
of Handy & Harman, &2 F; S 


New York, giving a comprehensiv 


ment 
copper 
opper 
very fe 


f silver alloy brazing of fa 
piping 
piping with silver alloy 

w problems and can be suc 


he brazing of fa 


accomplished by inexperienced n 


ing as little as a week to ten day 


trainin 


An ¢ 
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WELD INSPECTION CHART 


arc welding inspection chart, » 


will provide welding inspectors and 


concerned with weld production 
and extremely helpful aid for us: 
specting welds, has just been publi 


Phe Li 


Ohio 


Phe 
graphically the different types of w 


with n 


ncoln Electric Company, Cle, 





chart (see illustration) present 


obtained when the work is done nor! 


ormal current, voltage and 


as compared with those obtained 


these factors are not normal 


rhe 
inspect 
with w 


Castolin EUTECTIC LOW TEMPERATURE WELDING 


This new low temperature method has revo- 


Try this modern welding method in your shop. 
lutionized welding. 


The results will amaze you. 


Welds: Cast Iron, Iron, Nickel, Steel, Alumi- 
num, Bronze, Copper, Brass, Magnesium, et 


Inc. 






chart is available free of chars 
ors of we lding and others con 


elding 










40 WORTH STREET 
NEW YORK, N.Y. 

















































‘Too when industry is facing the problems 
resulting from conversion, faster production, 
greater accuracy, elimination of waste, and re- 
placement of critical materials, X-ray inspection 
is providing many of the answers 

The Kelley-Koett Mfg. Co.—pioneer creators of 
quality X-ray apparatus since 1900—has developed 
this new combination to meet industry's urgent need. 

This unit provides; conventional radiography for 
the inspection of castings and welds; microradio- 
graphy for investigation of alloy compositions and 
other materials; X-ray diffraction analysis for the 
laboratory study of crystalline structures 

Portable and compact it can be moved anywhere 
in the plant and used inside fabricated assemblies. 
It is easily adaptable for stationary or assembly line 
inspection or research work in the laboratory, and 
supplies industry with a long wanted X-ray in- 
spection tool of wide application. For more detailed 
information consult Keleket X-ray engineers 


THE KELLEY-KOETT MFG. CO., Industrial Division 








y 2188 WEST FOURTH STREET 
nop 
HS COVINGTON, KENTUCKY 


Representatives in 64 Cities 











RADIOGRAPHY 
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RADIOGRAPHS made with this unit! | 


SPOT-WELDED ALUMINUM SHEET : 
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HALF-INCH 
BRONZE PLATE 


} 
The weld in this half-inch 


thick bronze plate shows 
erfect on the surface and 


‘ lear 


; nearly perfect 
through, except for some 
srosity which sh ows uP 
n the radiograph atte: 


r tior 
X-rav inspection 


F 
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PIONEER CREATORS OF QUALITY X-RAY EQUIPMENT SINCE 1900 














EXCAVATORS 
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welding at reduced cost By 




















ositioning, this company 





mall and large parts alik \ 


_ 
WELDED PRESSURE VESSEL trailer, pictured below, a practical mean 





for hauling heavy machinery—even over 


h h t } essel §& 
ne View Own abovyv 1 a Vv , 
rh ’ ries ; rough terrain. Although it weighs only 


ft g and ; imately 10 ft. 3 in : 2 
long ind — iV tons, the trailer is capable of carryvin 

inside diameter, fabricated of « mm 

thick steel with I1'/,, in. thick head 


he total weight is approximately 122,000 


a heavier load than the average railroad 
freight car 


If Le Tourneau engineers had chosen to 












Ib The vessel is str relic ved but not cast the trailer parts, the cost for this pro 

X-rayed his vessel will be used as a s would have rendered the job impra 
propane storage tank and consequently tical. Arc-welded construction, however, 
was designed for approximately 210-Ib permitted maximum flexibility and 

working pressur trength, low cost and light weight 

TRAILERS rhe trailer measures 30 ft. long, 14 ft 
wide and requires 24 x 30 tires equipped 

Arc welding has made the huge 75-ton with air brake The Tournapull fa 


Phot erle Hobart Brothe ( 7 Ohi Pl artesy General I 
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ved for a power shovel being fabri 


photograph shows an upper 
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with an a-c welder shielded arc elect 








WELDING HANDBOOK 
NOW ON SALE 













1600 pages of up-to-date useful 


formation Prepared by 270 exper 






Price $6.00 to Non-Memb« 


U.S. A. $5.00 to Members 























Buy ‘‘Proven Fluxes”? with Years of 
Guaranteed Satisfaction behind them NET ADVERTISING RATES 


The Trade-Name is **ANTI-BORAX” Black and White Effective May 1938 





















y - ob > l > M , . One Three Six Twelve 
Ask for Them Unequalled for Quality Sones ete | teas | Secines (ieee 
A Flux for every metal: Cast Iron Welding Flux *Full Page $100 $90 $80 70 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, ~—— ' 
for bronze-welding cast iron; **ABC” Aluminum Half Page 60 50 45 40 
Flux No. 8 for sheet Aluminum and all alloys of . ay ; " x 
Aluminum; Stainless Steel Flux No. 9; Silver _Quarter Page _ 35 $8 id ” 
Solder Brazing Flux No. 10; *‘Anti-Borax” Tinning Fighth Page 25 20 17 15 
Compound No, 11. eee Sw 

*Inside Preferred 115 105 95 85 


ANTI-BORAX COMPOUND COMPANY *10% Extra for bleed full pages. 


Color $40 Extra per color added 
Fort Wayne, Indiana 
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SCIAKY VARIABLE 
PRESSURE CYCLE 
How it Operates 


T vo 
The variatio 
eds C - on of electrode pressure tl 
orca rosa in th 
ay nang Process is effected by he 
d of a 
rs of different cross sectior 





12 (C-] . 
1s (C-1 and C-2), m 


inted on upper arn 


c nh 
ne dual l 
e. Dual electro-valves (V 
control th ne s aa 
ns their action. Duration of 
Be ge = u 10 ol each 
e cycle is governed by ; 
rn . J 1eqd Dy precisior 
ectric conir S er aA 


3. REST POSITION. 
zlectrode retracted 
Both electro-valves 
= de-energized 
which permits air 
pressure to be exerted 
on the under side of 
— in both cylin 
ers, thus lifting th 
electrodes. ‘ 





Cae agp tapes ta 
oth electro-valves 
are energized, admit 
— pressure to 
~ we of the pistons 
7 oth cylinders 
hereby forcing the 
por > nye downward 
— maximum pres 





TO pe ope PRES 
RE. Left electro 
oe is de-energized 
ressureis maintained 
- top of piston in 
ower (smaller) cylin- 
der, while air is ad 
mitted to under side 
of piston in upper cy! 
inder. This neutralizes 
the downward pres 
sure in the upper cyl 
inder, and reduces the 
effective electrode 
pressure to about one 
third of maximum 
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Spot Welder 


ery high temperature W 
the metal in the molten zone. 
vent cooling of this zone 1s extreme 
high thermal conductivity of aluminum 
e the artificial cooling of the coppe! 
ch the aluminum at high tempere 
e tend to alloy. This rapid cooling 


ion of the weld nugget and the 
tend to weaken 


ly rapid 


otherw1s 


causes 
consequent cracks and internal stresses 
the weld. 
The Sciaky Process embodies exclusive features to compensate fot 
these undesirable conditions. In addition to pre heating, whit h offsets 
uminum and in consequence slows 


ductivity of al 
ocess. Sciaky he added protection ° {a 


et the metal shrinkage. Thus the Variable 
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4915 West 67th Street. Chicago, Illinois 


*Pronounced See-ack-ee 





ELECTRIC RESISTANCE WELDING 
VARIABLE PRESSURE 














NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


NEW WELDING AND BRAZING FLUXES 


A new line of welding fluxes for both 
ferrous and non-ferrous metals which have 
had the benefit of intense laboratory ri 
earch and have been exhaustively field 
tested on jobs of all types, has just been 
National 
Cylinder Gas Company of Chicago 

National No. 1 ts a flux for welding cast 
iron. It floats to the surface the heavy 
oxides which form during welding and 
keeps them liquid so that 


released for marketing by the 


a dense non 
porous and ductile weld can be produced 

National No. 2 ts a cast-iro wrazing 
flux which produces a good bond at low 
base temperature and holds the bronz 
being applied at a uniform mo yt] 
istency 





National No 
brass, bronze, 


3 brazing flux, suitable for 
copper, steel and malleablk 
iron, is so compounded that it reduces 
atmospheric oxidation and keeps flux glaze 
at a minimum so that the bronze deposit 
remains clean and bright Thorough tin 
ning and cleaning is promoted through the 
ability of the flux to run well ahead of the 
weld puddle 

National No. 22 is an aluminum flux for 
The flux 
ing action is fast and effective as it floats 
out oxides and impurities which form dur 
ing welding 

On this entire line of fluxes, precautions 


sheet, cast, wrought and alloys 


have been taken to reduce noxious fumes, 
bubbling and boiling. Another feature of 
all types is their ability to adhere to hot 
rods in the proper proportion with reduced 
tendency to blow away. These fluxes are 
packed in wide-mouth, non-tipping con 
tainers 

A new bulletin fully describing the Na 
tional line of fluxes is available upon re 
quest, 


HEAVY-DUTY WELDING POSITIONER 


Announcement of the addition of a 20 
ton capacity heavy-duty unit to its line of 
standard Welding Positioners has been 
made by the Industrial Division, Ransome 
Concrete Machinery Company, Dunellen, 
N. J 





574 


The machine will handle a maximum 
load of 22'/. tons with a center of gravity 
up to 12 in. above the table top, tilting it 
to any position through a range of 45 
from horizontal in one direction to a ver 
tical position in the other, and will rotate 
a similar load with an eccentricity of 12 
in. from center of the table top 

The 84-in. square steel table top i 
machined, reinforced by ribs on the under 
side and provided with 4 radial and 4 
longitudinal T-slots for readily attaching 
the work to the table surface rhe heavy 
base frame is of all-welded construction 
for maximum strength with minimum 
weight The table rotates a full 360° at a 
speed of r.p.m. in either direction and ts 
controlled through a remote push buttor 
control station he two tilting gear seg 
merts provide a means for tilting the 
load uniformly even when an unbalanced 
load is being handled rilting and rotat 
ing may be accomplished simultaneously 
as separate driving motors are provided 
V-belt drive between motors and gear re 
duction units are used because of their 
ability to absorb shock loads due to sud 
den change from forward to reverse opera 
tion lable top spindle shaft turns 
two Timken bearings for permanent 


rimken bear 


alignment of mechanism 
ings are also used at other vital points 1 
the machine 

Full information may be 


writing the manufacturer 


STITCHING FINS TO FLARES 


Housings for the army’s giant parachute 
flares now have their fins “‘stitched”’ on by 
rows of spot welds, as shown in the accom 
panying photograph The machine con 


sists of a Standard Progressive pedestal 


welder equipped with two guns, an upper 
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and a lower, instead of the usual 
gun The center electrode is fixed 
serves as a mandrel for guiding the 
ing. The locating fixture for keepir 
fins correctly aligned was removed 
to show the guns, etc The ope 


‘ 


merely pushes the housing along, b« 
welds, the machine automatically 

ing the welding operation as long a 
foot switch is depressed. Both gun 
simultaneously, only one timer ther 
being required. The machine, howev: 
equipped with two pressure interlo 
pressure switches to make sure that 
gun does not weld without the other 
About 


of fins welded simultaneously, or a tot 


18 welds are required for eac} 


36 welds for each housing. Note that 
end ring is also spot welded to th 


housing, using the same machine 





WELDING LOCOMOTIVE 


The view above shows welding ou 
steel sheets to the framing of the hood oi 
a General Motors Diesel main line pas 
enger locomotive at the plant of the El 
tro-Motive Corporation at La Grang 


Ill 


NEW SEPARABLE COUPLER 


Among the latest Burndy developme: 
is the Hyclasp, a separable coupler (al 
known as a jack knife connector) for wir 
and cables, providing a quick amd positive 
method of making or breaking the circuit 
particularly useful for welding cables an 
wherever equipment must be periodicall) 
disconnected for inspection or testing 


een = emmmrmemmmmmmnrnre 


=. __= 


All Clasp connectors feature consta 








contact pressure, self-cleaning contacts a! 
interchangeable parts (for same size co! 
ductors), and can be supplied with insulat 
ing shrouds when desired. Complet« 
cifications will be found in the new Bur 
Marine Catalog, No. M-42, Burndy Eng 
neering Co., Inc., 459 East 133rd St., Ni 
Yoru, N. ¥ 
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Saved: month's loss on A-l-a orders 


In Canada: 
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2-ton Section of 100" Boring 
Mill Goes Back on Job After 
Speedy 997” Repair Weld 
—Only 39 Man Hours for 
Chipping, Grinding and 
Welding 


Score another production victory 
for repair welding. This huge sec- 
tion for a boring mil 

clusively on A-1 

ness was ‘“down’”’ for 


ally short time, despit 


damage 


The Hebeler Welding Company 
of Buffalo, repair w elding special- 
ists, provided fhe way to give our 
war program the use of this mill 
with a minimum delay . . . repait 
welding with Anaconda 997 Low 
Fuming Rod. 

75 pounds of this bronze weld- 
ing rod were used, 600 feet of air 
and gas were consumed and 39 
man hours required for the chip- 
ping and welding which put the 


mill in shape for active service 


For vital jobs like this one, Anaconda 
997 Low Fuming Welding Rod, Tobin 
Bronze and other Anaconda Welding 
Rods are always “on call”. ase 


The trade-marks “Anaconda” and “Tobin Bronze” are 
fesistered in the U. S. Patent Office 


THE AMERICAN BRASS COMPANY—General Offices: Waterbury, Connecticut 
ANACONDA AMERICAN BRASS LTD., New Toronto, Ontario « Subsidiary of Anaconda Coppe 


ADVERTISING 














List of New Members 


BOSTON 
Carver, Allen F. (B), 869 Wa gton St 
Newtonville, Ma 
Dufort, Jules G. (B), N. E. School 
Prac rraining, 11-13 Central St 
Manchester, N. H 
Rosenthal, Daniel (C), Ma In 
Fech., ¢ ambridge, Mas 
CANADA 
Somerville, William C. (1D), 305—2nd St 


New Westminster, B. C 


CANAL ZONE 


Lebsack, Reuben D. (C), P. O 
Diablo Hts., Canal Zone 

Low, William H. (C 
Balbao, Canal Zone 


CHICAGO 


Campbell, G. E. (B , Pettibone 
Corp., 4710 W. Division, Chicago, II] 
Newcom, Harlen W. (B), 9919 So. Aber 

deen St., Chicago, Ill 


CINCINNATI 


Broughton, Robert (1D), 116 
St., Cincinnati, Ohio 
Rowell, W. Henry (C 


Voc. Sx hool, 


Mulberry 


Kenton County 


3rd & Court Sts., Coving 
ton, Ky 
Williams, Glyn O. (B), 22 W. Franklin, 
rrov, Ohio 
CLEVELAND 


Blasius, Peter F. (1D), 
Cleveland, Ohio 

Carin, Steve (C), 152 
Elyria, Ohio 


SHO I 141 St 


Geer, W. H. (C), 13009 Broadway Ave., 
Cleveland, Ohio 

Harter, Isaac (B), Babcock & Wilcox Co., 
Barberton, Ohio 

Henrickson, Chester (C), G. A. Henrick 


son Co., 


Ohio 

Vargo, E. H. (B), Vargo Welding & 
Engrg. Co., 7301 Grand Ave., Cleve 
land, Ohio 

Wager, Francis W. (C), R. D. 3, W. Jack 
son St., Painesville, Ohio. 

COLORADO 
Lambrecht, Steve (D), 3130 Humboldt 


St., Denver, Colo 
Rosenbach, Jake (1D 

Denver, Colo 
Rosenbach, Joseph G. (1D), 

boldt St., Denver, Colo 
Ziegler, Alex (1D), 3434 


Denver, Colo 


3550 Hum 


DETROIT 


Donaldson, C. H. (C), Ford & Beck Rd 
Rt. 1, Plymouth, Mich 


Mulliken 


Cleveland St., 


W. 3rd & Jefferson, Cleveland, 


, 8606 Delgany St., 


Humboldt St., 


June 1 to June 30, 1942 


Good, Adelbert C. ( B 
Detroit, Mich 

Platz, Henry T. (B 
Detroit, Mich 

Taylor, Earl A. (A), 


2551 Flander Ave 


Hudson Motor Car 


Co., 12601 E. Jefferson, Detroit, Mich 
INDIANA 
Abernathy, Paul H. (PD), R.R. 5, Ande 
on, Ind 
Hexamer, George B. (1D), 1533 Noble St 
Anderson, Ind 
Holder, Charles D. (D), Daleville, Ind 


Hook, Archie M. (D), R.R. 3, Alexandria, 
Ind 

Mercer, David J. (D), R. 3, Pendleton, 
Ind 


Shreyes, Harry A. (1D), 21 
Anderson, Ind 


28 Central Ave 


KANSAS CITY 


Sweeney, E. J. (B), Sweeney Trad 
Schools, Inc., 1624 Grand Ave., Kansas 
City, Mo 


LOS ANGELES 


Bladholm, E. F. (C), 827 
Los Ang les, Calif 

Clausen, Francis F. (C 
stitute, Riverside, Calif 

Coleman, John R., Jr. (D), Victor Equip 


Malcolm St 


Sherman In 


Co., 3821 S. Santa Fe Ave., Los Angeles 
Calif 

Davies, Robert U. (D), 828 W. 23rd St., 
San Pedro, Calif 

Davis, W. L. (D), 313—14th St., Box 56, 
Seal Beach, Calif 

Erwin, Fred G. (C), 3643 E. 54th St 
Maywood, Calif 

Fiske, John J. (B), 1327 Stratford Ave 


South Pasadena, Calif 

Ganahl, Lawrence E. (D), 230 So. Beech 
wood Dr., Burbank, Calif 

Grant, E. G. (C), 556 Ala Vista Ave., So 
Pasadena, Calif 

Martin, James N. 
Altadena, Calif 


D), 2150 Parneli Way, 


Quinn, Vincent A. (D), 13007 Dickens, 
No. Hollywood, Calif 
Strout, Gus (D), 1798 N. Grand Oaks, 


Altadena, Calif 


MARYLAND 


Bendak, Frank J. (C) 
Ave., Baltimore, Md 
Dorff, Arlo (ID), Bethlehem Shipbldg. Co., 
Sparrows Point, Md 
Greene, William R. (1D), 

Baltimore, Md 
McFarland, John (1D), 
Ave., Baltimore, Md 
Montaigne, Howard R. (C), Harris Calori 
fic Sales Co., 209 Key Highway, Balti 
more, Md 
Spagnoli, Herbert J. (D), 
Baltimore, Md 


906 Bonaparte 


631 Havey St., 


617 S 


Lakewood 


3812 Hudson St., 
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Vardavas, John (1)), 735 So. O 
Bal , Md 
MILWAUKEE 
Von Rohr, E. Jeane (C), 2540 N 
St., Milwaukee, Wis: 
NEW YORK 
Destefanis, Ralph ‘1)), 519 Con 
Ave., Brooklyn, N. Y 


Gay, Philip D. (D Su 
Supply Ce 1) Culver 
ampton, L. 1., N. ¥ 

Gordis, Philip (B), 170 Ble 
York, N. Y 

Stapleton, Joseph A. (B 
Brooklyn, N. ¥ 

Zenthen, Albert W. 
Brooklyn, N. Y 


NORTHERN NEW JERSEY 


Palmer, Walter |B 


85th St., North Bergen, N. J 
Rolf, William E. 92 No. Ess 
Orange, N. L 


NORTHERN NEW YORK 


Doty, W. D’Orville |! 
Troy, N. ¥ 

Kubas, Joseph J. (1), 
Amsterdam, N. Y 

Lampman, Paul L. (‘1)), A 
motive Co., Schenectady, 

Nardi, Arthur (1D), 1: 
Schenectady, N. Y 

Palmer, Harry L. (C 

y 


13 Garuet 
Schenectady, N 
NORTHWEST 
Anderson, Kenneth (C), St. Paul 
tional School, 14th & Jackson 
St. Paul, Minn 
PHILADELPHIA 


Iannetti, Armand (1)), 
Philadelphia, Pa 

Lamborn, Samuel W. (|! 
Philadelphia, Pa 

Pister, Charles (DD 
W. Philadelphia, Pa 


PITTSBURGH 
Brown, Albert A. (B), H. H. Rober 
Co., 2400 Farmers Bank Bldg 
burgh, Pa 
Nagin, Harold (B), Reliance Steel 
ucts Co McKeesport, Pa 
PUGET SOUND 
Marsh, Claude (ID), PO. Box 3065 


merton, Wash 


ys 


ffolk 
Hill 


Hollup Corp 


4a) 


LOO Forhbe 


merican | 


N.Y 


3), Somer 


5) Parkwood 


2644 Gerrit 


, 6105 Elmwood 


P 











GIVE US MORE 


That is where welding came into its own—for precious hours on 
the assembly“Tine then could be saved—to produce more tanks 


with the same number of men on the same line. 


And that is where the new welding electrode developed ex- 
clusively by pace for welding armor plate went to work—after it 
had met successfully all ballistic tests on plates submitted to the 


Army Ordnance Department by the tank manufacturers. 


Chalk that up as another important contribution by pace that 


will be at the service of industry when Victory brings peace. 


PAGE STEEL AND WIRE DIVISION 


Cutt Ue ee Lula Ml a a a 


In Business for Your Safety 
AMERICAN CHAIN & CABLE COMPANY, INC. sripGerort, CONNECTICUT 
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ROCHESTER 


King, Harold J. (B), University of Ro 
chester, Dept. of Engrg., Rochester, 
N.Y 


ST. LOUIS 
Evans, W. Stuart (C), 7215 Pasadena 
Blvd., Normandy, Mo 
SAN FRANCISCO 


Groves, Fletcher H. (C), 353 Euclid St., 
San Bruno, Calif 

Johnston, S. H. (B), Fraser & Johnston 
Co., 725 Potrero Ave., San Francisco, 
Calif 

Nelson, Robert V. (D), 531 Visitation 
Ave., Brisbane, Calif 


SOUTH TEXAS 


Witcher, D. V. (C), Dye Welding Supply 
Co., 1109 Austin St., Houston, Tex 


WASHINGTON, D. C. 


Weinman, Earl E. (C), Bonetard & Wein 


man, 1358 Florida Ave., N. E., Wash 
ington, D.C 


WESTERN NEW YORK 


Conley, Walter (D), 
Kenmore, N. Y 
Doneburg, Ellis H. (D), Bell Aircraft 
Corp., Elmwood Ave., Buffalo, N. Y 
Kingsley, Cecil (D), “ Commonwealth 
Elec. Corp., Welland, Ont., Can. 

Kowalski, Harry V. (D), 1194 Bailey Ave., 
Buffalo, N. Y 

McCloskey, Richard H. (D), 209 Fre 
maine Ave., Kenmore, N. Y 

Mellenger, E. R. (B), 520 Virginia St., 
Buffalo, N. Y 

Mitchell, William H. (C), 536 
Niagara Falls, N. Y 

Prevost, Lawrence (C), 
Niagara Falls, N. Y 


414 Wabash Ave., 


12th St., 


2968 Porter Rd., 


YORK 


Bendot, i. M. (B), 826 Rockwood Ave 
Mt. Lebanon, 16, Pa 





NOT IN SECTIONS 


Bell, Perley C. (D), R.F.D.—Bo 
Bartonsville, Vt 

Boggs, Jay S. (D), 20-B Calhoun H 
No. Charleston, S. C 

Ford, Isaac L. (D), 1800 E. Strong 
Pensacola, Fla 

Herman, Justin (C), 1633 Linde: 
Phoenix, Ariz 

Holmes, Verne E. (C), 312 Diamond 
S. E., Grand Rapids, Mich 

Kelly, J. H. (D), P.O. Box 5032 
College Sta., Raleigh, N. C 

Kephart, H. K. (D), 2222 Wagner 
Erie Pa 

Maxwell, W. Don (B), P.O. Box 
Odessa, Tex 

Messick, Stanley W. (B), Southern \ 
ing School, 1206 Reynolda Rd 
ton-Salem, N. C 

Metz, Virgil P. (D), 2274 Torrey 
Toledo, Ohio 

Murray, Jackson L. (D), 
Norfolk, Va 

Pierson, Jess A. (B), 427 
Baraboo, Wis 

Tweed, R. (B), P.O fox 427, Ca 
India 
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SECTION ACTIVITIES 


CHICAGO 

The May 15th meeting of the Chicago 
Section was the last of the current success 
ful season. Mr. R. W. Sternke, Superin 
tendent and Production Manager of the 
Lakeside Bridge and Steel Co., Milwaukee, 
Wis., gave a very inspiring talk. His 
subject was ‘‘Certified Weldments,’’ which 
was illustrated by lantern slides and mo 
tion pictures, the latter being both black 
and white and colored types. Mr. Sternk« 
described the exacting procedures em 
ployed in the welding of large gear boxes, 
machinery bases, cranes, gears and other 
important structural items. The meeting 
was well attended and an interesting dis 
cussion followed the speakers’ presenta 
tion 

At the start of the meeting the new 
officers and directors were introduced to 
the membership. This was followed by 
Mr. L. S. McPhee, Middle Western Divi 
sion Vice-President, presenting Mr. A. M 
Unger, the retiring chairman, with the 
A.W.S. past-chairman’s pin 

A farewell dinner was given on Wednes 
day evening, May 13th, at the Lake 
Shore Club in honor of Mr. Gene Balsley, 
Welding Engineer, for the Link Belt Co 
Mr. Balsley who has been active in the 
Chicago Section, severed his present con 
nection to accept a new position in the 
east 

rhe officers for the forthcoming year are 
as follows: E. R. Seabloom, Crane Co., 
Chairman; R. L. Kohlbry, Machinery & 
Welder Corp., Vice-Chairman; T. B. Jeffer 
son, Editor of Welding Engineer, Secretary 
Treasurer. Directors: Tom Harle, J. H 
Hruska, C. D. Young, L. C. Monrox 
H. M. Downing, C. L. Pfeiffer, E. P. Ever 
hard, C. G. Bassler, E. J. DeWitt, R. S 


Kenrick, M. H. Wigton, J. C 
C. J. McGregor 


Menzi 


CLEVELAND 


Chairmen of Operating and Advisory 
Committees of the Cleveland Section for 
1942-43 are announced by R. J. Kriz, 
chief inspector, James H. Herron Co., 
chairman of the section 

Operating Committees and their chair 
men include: Programs and Papers, J 
Wagner, Burdett Oxygen Co.; Publicity, 
Ed C. Powers, James F. Lincoln Arc Weld 
ing Foundation; Reception and Dinner, 
R. Yarrow, Republic Structural Iron 
Works; Properties, Cal Wyss, Reliance 
Electric & Engineering Co.; Membership, 
r. G. Kells, Anthony Carlin Co.; Code, 
J. F. Maine, Republic Structural Iron 
Works; Nominations and Constitution & 
By-Laws, E. T. Scott, Cleveland School 
of Welding; Symposium, J. Morrill, 
Lincoln Electric Co.; Inter-Societies 
Publ., C. T. Elder, Cleveland Electrix 
Illuminating Co 

Advisory Committees and their chair 
men include: Sponsors, J. Wolfenden, 
Hobart Brothers Co.; Resistance Welders, 
J. E. Mallet, Taylor-Winfield Corp.; Arc 
Welders, J. F. Vickery, General Electric 
Co.; Gas Welders, E. B. Pederson, Air 
Reduction Sales Co.; Fabricators, L 
Burr, The Austin Co.; Engineers, R. E 
Kinkead, Consulting Welding Engineer; 
Metallurgy, J. C. Hodge, Wellman Engi 
neering Co.; Marine, L. C. Host, Ameri 
can Bureau of Shipping; Inter-Societies, 
A. F. Davis, The Lincoln Electric Co 
Railway, W. E 


Railway Co 


Davis, The Cleveland 
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LOS ANGELES 


Che Los Angele s Section has the 
meeting of the season on June 18th 
following officers were inducted f 
year 1942-43 

Chairman, Francis H. Stevenson, A 
Supt., Vega Airplane Co.; 
Alex Maradudin, Research Engr., Star 
ard Oil Co.; Secretary-Treasurer, | 
Williams, L. A. Branch Mgr \ 
Equipment Co 

Executive Committee: A. K. Bru 
baugh, Inspection Dept., General Petr 
leum Corp.; Chas. Babbitt, Weldins 
Engr., Western Pipe & Steel Co.; C. VW 
Johnson, Supvr., California Shipbuilding 
Corp.; M. J. Karn, Owner, Welding 
Equipment Rental Service; Roy Tadd 
Mgr. Welding Division, Ducommun Cor; 
Walter Thomas, Welding Engr., Wester 
Pipe & Steel Co.; Jim Gowing, Rep 
sentative, Hobart Bros. Co 

At the last meeting a very interesting 
subject was covered by Mr. Thoma 
Piper of Northrop Aircraft, Inc. Mr: 
Piper, with the assistance of others in tl 
Research 


Vice ( ha r} 


Department, has develoy 
Heliarc,’’ a new process of welding 


NORTHERN NEW YORK 


Che following officers and directors 
the Northern New York Section w 
elected to serve the Section during t! 
coming year 

Chairman, M.F.Sayre, Civil Eng. De 
Union College; Ist Vice-Chairman, E. | 


Spittler, General Electric Co ?nd \ 
Chairman, H. S. Swan, American Lo 
motive Co.; Secretary-Treasurer, R 


Pelton, General Electric Co 
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ATTACK 





PRODUCTION PROBLEMS 


with 


RESISTANCE WELDING 





In recent months, Resistance Weld- 
ing has proved to be much more 
than a good way to assemble metal 
products. It is helping to make 
more and better war materials by 
producing parts at high speed and 
low cost that formerly required 
slow and expensive casting or 
machining operation. It is pro- 
viding a variety of ways to eliminate 
bolts, rivets and other fastening 
devices; to produce smooth, un- 
broken surfaces that require less 
preparation for finishing; to cut 


down weight; to increase strength; 


to simplify the construction of 


many products. 


In addition, Resistance Welding 
is helping to keep other equipment 
on the job by solving repair and 
maintenance problems and in the 
conservation and re-use of hard- 


to-get materials. 


An experienced welding engineer, 
representing one of the member 
companies listed here, can tell you 
quickly just what Resistance Weld- 
ing can do for you. Why not call 


one in today? 


RESISTANCE WELDER 


MANUFACTURER’S ASSOCIATION 


505 Arch Street 


Philadelphia, Pa. 





MEMBER COMPANIES 


Acme Electric Welder Company, Los Angeles 
Calif 

American Electric Fusion Corporation, Chicage 
Ill. 


Eisler Engineering Company, Newark, N. J 

Expert Welding Machine Company, Detroit, 
Mich. 

Federal Machine and Welder Company, Warren, 
Ohio 

Multi-Hydromatic Welding and Manufacturing 
Co., Detroit, Mich 

National Electric Welding Machines Co., Bay 
City, Mich. 

Progressive Welder Company, Detroit, Mich 

Swift Electric Welder Company, Detroit, Mich 

Tavylor-Hall Welding Corporation, Worcester 
Mass. 

Taylor-Winfield Corporation, Warren, Ohio 

Thomson-Gibb Electric Welding Co., Lynn, Mass 

Welding Machines Mfg. Company, Detroit, Mich 


ASSOCIATE MEMBER COMPANIES 


S-M-S Corporation, Detroit, Mict 
Electroloy, Inc... New York, N. Y 


Welding Sales and Engineering ‘ Detroit, 


Mich. 
P. R. Mallory and Co., Indianapolis, Ind 
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RR rilbert, General 
oO \. F. Stiglmeier, N. Y. ¢ 
W. Clark, General Electric ¢ 
sky, American Locomotive Co 
Committee | Public Relations 
¢ I. MacGuffi Membership, J. R 
Lipsky Meetings and Papert J. E 
Waugh Education, H. S. Swan 


on Nominating 


\ 


rme? 


rdinating, 


E. F. Potter 


SAN FRANCISCO 


ving are the newly elect 
San Francisco Section 
d I A Longo, 
Pacific Vice-Chairman, M 
Western Pipe & Steel Co 


Labagh, Victor 


wrer, H.W 


Southern 
Maltseff 


Equipment Co 
Saunders, Air Reduction Sak 
1ecting 
Oakland 
S() members 
Prof. E R 
nford Jr. University 
ting and timely 
Lov Alloy, High Ten 


ypen discussion wa 
} 


then 


'y a technicolor sound 


entitled ‘Unfinished Rain 
ature program was arranged 
meeting held on the 26th at 
Club \ Table dis 


welding of manganese 


Round 


everyone present was invited 
the first feature Follow 

rough the courtesy of Republi 

a motion picture entitled 


Perfected Staink 


pany, 
Republi 


iown 


Employment 
Service Bulletin 


SERVICES AVAILABLE 


A-440) 
gree ll years’ experience in both gas and 
both 
types of welding and am now supervising 
National Defens« Trade 
School A ge 28 

\-44] 


three years 


Graduate Engineer B.S. de 


electric welding Have instructed 
raining at a 

Married 

Position wanted by welder with 
construction welding, electri 

b th 

Willaccept foreign employment 


abroad 
Can fur 


and acetylene, here and 


nish recommendations 
\-442 
Welding 


duction of welded pressure vessels, gun 


Welding Engineer; 10 years as 


Engineer Experience on pro 
carriages, Diesel engine frames, USN con 
Materials of mild, low alloy, 
stainless and chrome steels. X-ray work 
Knows Welding Codes, Army and Navy 
Specifications Experienced in 


densers 


Union 
Melt, General Electric, Lincoln automat 
operation. Grad. M.E. Knows Physical 
Metallurgy Now employed. Can get 
release Not subject to Draft Member 
A.W.S position in 


manutacturing or consulting field 


Desires permanent 
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SOME HIGHLIGHTS OF THE ANNUAL 

MEETING PROGRAM, AMERICAN WELD. 

ING SOCIETY — HOTEL CLEVELAND 
CLEVELAND, OCTOBER 12-16 


Medals 


and see who will be 
Sanuel Wylie 


Prizes 


Come awarded the 
Miller Memorial Medal for 
outstanding achievements during the pas 
Gold Medal for the 


paper judged the greatest contribution to 


year—the Lincoln 


the advancement and use of welding—who 
will be the prize winners for the best R¢ 


istance Welding paper 
Technical Sessions 


Altogether there will be some 57 papers 
presented, covering every phase of weld 
ing, by outstanding leaders in the welding 


industry rhe entire meeting has beet 


centered around th irect obj 


papers will 
training ol! 


cons 


s lope | 


4h 


we ids beh 
What happens 


subie té d 


impact stren 
inswers will 


session 


[wo separate 
this tmportant ibject Spe paper 
of flame hard 
developments in A.C weld 
ing for high-quality vertical and overhead 
welds, the 


of equipment and supplies for 


will deal with application 


ening he 


conservation and effective uss 
cutting and 
aluminum 
and bronze welding, automatic arc weld 
work 


welding, new developments in 


] 


ing for production welded steel 


tubing and its application in war produ 


tion, and several others 

Here again two sessions will be devoted 
to this most important subject For the 
first time, papers will be presented which 
will approach the weldability problem in 


a fundamental way. Specific papers will 


deal with the effect of cooling rates on the 
base material and on the welded joints 
special weldability 
tests will be indicated, the effect of carbon 
and manganese on the weldab lity of steels 
will be an especially compre 

hensive report representing the result of 
dollars of 
Correlation of the various weld 


the development of 


covered in 


many thousands of research 
work 
ability tests with service experience will 


be indicated by several authors 


lircraft Welding: 

Probably no other subject is more im 
portant at the present time in the appli 
cation to welding and speeding up of the 
welding production rhe movement has 
gained so much headway that three sep 
arate sessions will be devoted to aircraft 


THE WELDING JOURNAL 


1 


weldin Papers will cover airplan« 


peller blades, the welding of special 
teels used in aircraft tubing, the 
cation of resistance welding in it 
forms to aluminum and magnesiur 
recommended standards for spot w 
the aircraft industry, the devel 
special electrodes survey ot 


tices and several other pha 


‘ 


Hand in hand with welding 
applications in speeding up produ 
gas cutting 


the development of cutting in steel 


Several papers will ind 


improved methods of machine flan 


ting, and factors affecting the acx 
machine cutting 


D 
I 


Ne 


['wo separate sessions will be d: 


this important phase of the 
Developments are so thick and fa 


this industry that 1t 1s necessary to 


these ession to 


keep abreast ol 
developments as refrigerant-cooled 


welding electrodes, spot welding of 
denable steels, some unusual resista 


welding developments, spot welding 


1 
illoy 


ordnance 

of fitler 

the welding 

te of hardenable alloys, the 


in Carriages, wilf be covered 


t amount oF W 
onnection with our shipbutldi 


Here is 


hand what 1 


an opportunity to lear 
going on in this imp 
tant industry nd out how they tack 
their problet of increasing produ 
their distortion and shr 


how they solv 
appli 


how welding 


Other Features 


ny this small space 
describe in detail other special featur 
educational motiot 


such as a series of 


pictures on all phases of welding 
meetings, 


Pusiness Me 


search sessions, committe 
tion-Officers Conference, 
ings and the like 
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